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LETTER  OF  TRANSMITTAL. 


Des  Moines,  Iowa,  July  1,  1911. 

To  His  Excellency,  Beryl  F.  Carroll,  Governor  of  Iowa: 

lu  accordance  with  the  provisions  of  title  2,  chapter  5,  section  136, 
code,  1897,  I  have  the  honor  to  transmit  herewith  the  proceedings  of  the 
twenty-fifth  annual  session  of  the  Iowa  Academy  of  Science  and  request 
that  you  order  the  same  to  be  printed. 

Respectfully  submitted, 

L.  S.  Ross, 
Secretary  loiva  Academy  of  Science. 
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PROCEEDINGS  OF  THE 

Twenty -Fifth  Annual  Session  of  the 
Iowa  Academy  of  Science 


REPORT  OF  THE  SECRETARY. 

To  the  Members  of  the  loiva  Academy  of  Science: 

The  Iowa  Academy  of  Science  is  in  a  good  vigorous  condition.  At  the  meet- 
ing last  year  seven  fellows  and  fifteen  members  were  added  to  the  list.  This 
year  the  number  of  applications  is  several  times  as  large.  It  seems  that 
there  is  a  renewal  of  youthful  vigor.  Many  letters  of  invitation  were  sent 
out  by  the  president  and  the  secretary  with  results  that  are  encouraging. 
Some  three  or  four  years  ago  the  secretary  sent  out  a  large  number  of  letters 
without  receiving  a  single  favorable  response.  The  Academy  has  not  been 
sufficiently  aggressive  in  past  years.  Too  much  has  been  taken  for  granted 
with  reference  to  the  knowledge  of  the  scientists  over  the  state  concerning 
the  aims  of  the  Academy  and  concerning  its  personnel.  There  must  be  no 
reason  for  any  suspicion  of  scientific  exclusiveness  or  snobbishness  on  the 
part  of  the  Academy.  The  response  to  letters  this  year  indicates  that 
numbers  were  ready  to  become  members  when  their  attention  was  called 
to  the  aims  and  purposes  of  the  Academy.  The  continuance  of  earnest  work 
will  add  many  more  to  our  membership. 

The  committee,  consisting  of  the  president,  the  secretary  and  J.  H.  Lees, 
appointed  to  see  if  the  mechanical  construction  of  the  Proceedings  could  be 
improved,  did  its  work,  the  president  by  correspondence  and  the  secretary 
and  Mr.  Lees  by  conference.  It  was  found  that  not  much  change  was  feasible 
in  the  stock  used  as  it  is  the  same  as  that  used  for  other  state  printing  with 
the  exception  of  the  reports  of  the  Geological  Survey.  A  betterment  in  the 
binding  was  made,  using  buckram  instead  of  cloth,  adding  tool  line  and  head 
band,  using  square  edge  boards  instead  of  beveled,  and  putting  the  state  seal 
on  the  volume. 

Consideration  should  be  given  to  the  matter  of  the  number  of  copies  of 
the  Proceedings  for  distribution  to  members.  One  thousand  copies  are  pub- 
lished. Two  hundred  of  these  are  put  into  better  binding  for  the  members, 
the  added  cost  being  paid  by  the  Academy.  This  number  should  be  increased 
to  two  hundred  and  fifty  or  three  hundred  to  meet  the  needs  of  our  increased 
membership.     There  are  now   approximately   two   hundred   names   on   the  roll, 
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and  some  seventy-five  or  eighty  applications  for  membership  have  been  re- 
ceived. It  is  advisable  that  action  be  taken  to  meet  the  increased  demand. 
The  number  of  copies  available  for  distribution  to  legislators,  to  libraries  and 
for  exchange  is  large  enough  so  that  some  of  these  might  be  put  into  better 
binding  for  the  members.  The  number  of  copies  of  Vol.  XVI  sent  to  members 
was  160;   to  libraries,  225;   exchanges,  approximately  165. 

The  report  of  the  annual  meeting  of  the  Academy  as  sent  to  Science  for 
publication  could  be  made  more  complete  and  more  valuable,  by  the  presence 
of  brief  abstracts  of  the  papers  presented.  It  is  hardly  the  province  of  the 
secretary  to  prepare  such  abstracts  nor  can  he  do  it  as  well  as  the  authors. 
This  year  thirty-five  titles  have  been  received,  seven  of  which  were  accompanied 
by  abstracts.  Another  abstract  was  sent  in  later  than  the  title,  too  late  to 
appear  on  the  program. 

The  request  is  made  that  authors  wanting  extra  reprints  make  out  their 
orders  direct  to  the  state  printer.  These  orders  may  be  sent  to  the  printer 
or  to  the  secretary  who  will  turn  them  over  to  the  printer.  The  reason 
for  this  request  is  that  the  Academy  is  in  no  way  responsible  for  the  payment 
of  bills  for  the  extra  reprints.  It  is  entirely  a  private  matter  between  the 
author  and  the  printer. 

Members  not  infrequently  change  their  addresses  without  notifying  the 
secretary.     This  gives  rise  to  difficulty  in  sending  communications. 

Recently  in  conversation  with  one  of  the  officers  of  the  Iowa  Association 
of  Mathematics  teachers,  the  statement  was  made  to  the  effect  that  the  As- 
sociation would  willingly  appoint  a  committee  to  consult  with  a  committee 
from  the  Academy  concerning  the  feasibility  of  a  union  of  the  two  organiza- 
tions.   The  consideration  of  the  appointment  of  such  a  committee  is  suggested. 

A  short  time  previous  to  the  meeting  in  1908  the  president  of  the  Academy 
suggested  the  advisability  of  not  giving  a  presidential  address.  The  members 
with  whom  he  consulted  were  in  favor  of  continuing  the  custom.  It  will  be 
well  to  consider  the  question  carefully  before  departing  from  the  established 
custom. 

The  president  has  raised  the  question  as  to  the  advisability  of  continuing 
the  existence  of  the  council.  If  there  be  any  reason  for  its  continuance, 
then  let  us  not  amend  the  constitution.  But  for  some  years  the  actions  of 
that  body  have  been  perfunctory,  merely  as  a  matter  of  form  to  comply  to  the 
requirements  of  the  constitution. 

The  president  has  also  called  attention  to  the  fact  that  our  next  meeting 
will  be  the  twenty-fifth  anniversary  of  the  organization  of  the  Academy  and 
that  it  would  be  very  appropriate  for  some  special  recognition  to  be  given 
to  the  event. 

Respectfully  submitted, 

L.  S.  ROSS,  Secretary. 
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TREASURER'S  REPORT. 


RECEIPTS. 

Cash  on  hand,  April   29,    1910 $  200.73 

Dues  and  initiation  fees  from  members  and  fellows 145.00 

Life    membership    fees    49.00 

Sale    of    Proceedings 3.54 

Interest    on    deposits 8.03 

EXPENDITURES. 

Expenses    of    lecture,    24th    meeting $  28.55 

Cash   to  former  treasurer  for  item   of  expense   not  before   reported .  .  ]  0.00 

Postage    of    president ' 5.30 

Postage  and  stenographic  work  of  treasurer 12.65 

Stationary   for   president    and    treasurer 7.00 

Wrapping,  tieing  and  sending  out  Vol.  XVI  of  Proceedings 10.00 

Honorarium     to     secretary 25.00 

Postage    and    incidental    expenses    of    secretary 16.04 

Programs,    letter   heads,    etc 9.75 

Binding,     reprints,    etc 77.50 

Cash  on   hand,   April   28th,    1911 204.51 


Respectfully  submitted, 


$406.30 


(Signed)      G.    F.    KAY. 


REPORT  OF  COMMITTEE  ON  QUARTER  CENTENNIAL. 


The  following  report  is  submitted: 

1.  That  the   Iowa  Academy  meet  in   the   State   Historical   Building  at   Des  Moines. 

2.  That  Professor  Herbert  Osborn  of  Columbus,  Ohio,  one  of  the  charter  members 
of  the  Iowa  Academy  of  Science,  be  invited  to  give  the  annual  address. 

3.  That  brief  papers  on  the  charter  members  be  prepared  by  some  person  des- 
ignated   by   the    Executive    Committee. 

4.  That  papers,  except  those  by  special  invitation,  be  given  as  far  as  possible 
orally  and   in  abstract. 

5.  That  the  Executive  Committee  invite  members  of  the  Academy  to  make  addresses 
on  special  subjects  setting  forth  the  history  of  each  branch  of  science  in  Iowa 
during   the   quarter   of   a   century   that    the   Academy   has   been    in    existence. 

6.  That  the  Executive  Committee  be  requested  to  arrange  for  a  formal  banquet 
to  which  the  members  may  bring  their  ladies. 

7.  That  an  invitation  be  extended  to  similar  bodies  in  this  and  neighboring  states 
to  send   representatives   to  make   short  responses. 

S.  That  three  hundred  copies  of  the  report  be  printed  on  good  rough  paper 
at  the  expense  of  the  Academy  and  be  distributed  to  members.  (In  all  1,300  copies, 
300  copies  to  be  paid  for  by  the  Academy  and  1,000   by  the  state.) 

9.  That  the  President's  address  come  immediately  after  the  business  of  the  first 
meeting. 

10.  That  a  committee  be  appointed  to  revise  the  constitution,  to  give  notice  of 
amendments  four  weeks  before  the  annual  meeting,  so  that  the  revised  constitution 
may  be  acted  on  at  the  regular  meeting  and  printed  in  the  Quarter  Centennial  volume. 

(Signed)      L.    H.    Pammel, 

J.     L.     TiLTON, 
H.     S.     CONARD, 

Committee. 
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REPORT  OF  COMMITTEE  ON  MEMBERSHIP. 

NAMES     PROPOSED    FOR    FELLOWS. 

R.  P.  Baker,  Iowa  City;  W.  M.  Barr,  Ames;  F.  C.  Brown,  Iowa  City;  A.  W. 
Dix,  Ames ;  A.  H.  Ford,  Iowa  City ;  B  J.  Lambert,  Iowa  City ;  J.  N.  Pearce,  Iowa 
City ;  W.  G.  Raymond,  Iowa  City ;  L.  B.  Spinney,  Ames ;  C.  H.  Stange,  Ames ;  A.  A. 
Wells,   Ames ;    Mabel   C.    Williams,    Iowa   City. 

TRANSFERRED     FROM     MEMBERS     TO    FELLOWS. 

B.   H.   Bailey,   Cedar  Rapids  ;   S.   F.   Hersey,   Cedar  Falls  ;   Albert   Kuntz,    Iowa  City  ; 

A.  O.    Thomas,    Iowa   City  ;    L.    D.   Weld,    Cedar   Rapids. 

NAMES    PROPOSED    FOR    MEMBERS. 

W.  B.  Anderson,  Ames ;  Mis.s  Pearle  Bailey,  Cedar  Rapids ;  A.  L.  Bakke,  Ames ; 
T.  R.  Ball,  Des  Moines  ;  Miss  Etta  M.  Bardwell,  Cedar  Rapids ;  G.  H.  Berry,  Cedar 
Rapids;  Miss  Esther  Bracewell,  Waverley  ;  Percy  Brown,  Ames;  Chauncey  Case,  Storm 
Lake ;  Miss  Francis  Church,  Des  Moines ;  W.  H.  Clark,  Iowa  City ;  S.  W.  Collett, 
Fayette ;  Miss  Lilah  B.  Crnm,  Iowa'  City ;  E.  H.  Cummins,  Des  Moines ;  H.  R.  Dill, 
Iowa  City ;  H.  L.  Dodge,  Iowa  City ;  L.  P.  Dove,  Carroll  ;  A.  F.  Ewers,  Davenport ; 
Miss  Nellie  Fisher,  Muscatine;  B.  P.  Fleming,  Iowa  City;  Miss  Emma  J.  Fordyce, 
Cedar  Rapids ;  C.  McL.  Eraser,  Iowa  City ;  L.  A.  Giddings,  Bedford ;  Miss  E.  Mae 
Gittins,  Des  Moines ;  E.  H.  Golish,  College  Springs ;  F.  E.  Goodell,  Des  Moines ;  J. 
W.  Hanna,  Winfleld;  Miss  Jessie  P.  Hastings,  Iowa  City;  W.  E.  Hayer,  Fairfield; 
P.  G.  Higbee,  Iowa  City ;  L.  G.  Holbrook,  Des  Moines ;  Miss  Susan  Grace  Jewell, 
Tabor ;  Miss  Minnie  R.  Johns.  Iowa  City  ;  W.  B.  Johnson,  Tabor  ;  Miss  Elizabeth  Jones, 
Boone ;  W.  H.  Kadesch,  Cedar  Falls ;  Miss  Hariette  S.  Kellogg,  Ames ;  N.  D.  Knup, 
Iowa  City ;    L.    Kunerth,   Ames  ;   W.   H.   Lewis,   Winterset ;   J.   E.   Lukens,   Chariton ;   G. 

B.  MacDonald,  Ames  ;  Miss  Francis  MacFarland,  Des  Moines  ;  W.  L.  Mendenhall,  Des 
Moines ;  D.  E.  Merrill,  Iowa  City ;  T.  E.  Moore,  Charles  City ;  L.  B.  Mull,  Ottumwa ; 
R.  Neidig,  Ames;  W.  S.  Newell,  Cedar  Rapids;  S.  B.  Nicholson,  Des  Moines;  Miss 
Mabel  A.  Paull,  Sigourney ;  F.  C.  Pellett,  Atlantic ;  Miss  Elvera  Pierson,  Independ- 
ence ;  T.  M.  Prall,  What  Cheer ;  J.  F.  Reilly,  Iowa  City";  A.  R.  Robertson,  Des 
Moines ;  S.  N.  Sayre,  St.  Charles ;  F.  C.  Stanley,  Oskalocsa ;  Miss  Nellie  E.  Shaver, 
Muscatine ;  Miss  Ella  Shimek,  Iowa  City ;  Harold  Stiles,  Sioux  City ;  Dayton  Stoner, 
Iowa  City  ;  Miss  Alma  M.  Stotts,  Des  Moines  ;  Miss  Aravilla  Taylor,  Centerville  ;  Miss 
Beryl  Taylor,  Cedar  Rapids  ;  "W.  A.  Titsworth,  Des  Moines  ;  Miss  Idylene  Tovey,  "U'ater- 
loo ;  Miss  Francis  M.  Van  Tuyl,  Iowa  City ;  S.  M.  Woodward,  Iowa  City ;  W.  S. 
Wells,    Sioux    City;    Miss   Mildred   R.   Yule,    Clinton. 

NAMES    PROPOSED    FOR    CORRESPONDING    MEMBERS. 

R.   R.  Gates,   Mo.   Botan.  Garden,   St.   Louis,   Mo.  ;  A.   G.   Ruthven,   Ann  Arbor,   Mich. 

NAMES     OF     THOSE      IN      ATTENDANCE. 

Henry  Albert,  Frank  F.  Almy,  Miss  Alison  E.  Aitcheson.  M.  F.  Arey.  B.  H.  Bailey, 
Miss    Etta    M.    Bardwell,    W.    M.    Barr,    L.    Begeman,    A.    A.    Bennett,    S.    W.    Beyer,    F. 

C.  Brown,  Miss  Margaret  Buckley,  E.  J.  Cable,  W.  H.  Clark,  Henry  S.  Conard,  Miss 
Lilah  B.  Crum,  C.  F.  Curtis,  H.  L.  Dodge,  Miss  B.  J.  Fordyce,  A.  H.  Ford. 
C.  McLean  Eraser,  R.  W.  Getchell,  S.  P.  Hersey,  W.  H.  Kadesh,  G.  F.  Kay,  H. 
M.  Kelley,  C.  N.  Kinney,  Nicholas  Knight,  Albert  Kuntz,  B.  J.  Lambert,  James  H. 
Lees,  J.  T.  McClintock,  T.  Earle  Moore,  A.  Marsten,  H.  W.  Norris,  W.  H.  Norton, 
L.  H.  Pammel,  H.  J.  Prentiss,  E.  W.  Rockwood,  L.  S.  Ross,  C.  E.  Seashore, 
B.  Shimek,  Ella  Shimek,  L.  P.  Sieg,  A.  G.  Smith,  W.  H.  Stevenson,  G.  W.  Stewart, 
Frank  A.  Stromsten,  H.  E.  Summers,  A.  O.  Thomas,  W.  A.  Titsworth,  LeRoy  D. 
Weld,   Ira   O.   Williamson.    R.    B.   Wylie,    Miss   Mildred    R.    Yule. 
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OFFICERS  FOR  THE  YEAR  1911-12. 

President L.    Begeman 

First  Vice  President A.  A.  Bennett 

Second  Vice  President C.  N.  Kinney 

Secretary L-  S.  Ross 

Treasurer C-   F.   Kay 

EXECUTIVE  COMMITTEE. 

ExjOfflcio—L.  Begeman,  A.  A.  Bennett,  C.  N.  Kinney,  L.  S.  Ross,  G.  F.  Kay. 
Elective— H.  S.  Conard,  B.  H.  Bailey,  H.  M.  Kelley. 


PROGRAM. 


The  sessions  of  tlie  Academy  were  held  in  Room  127,  Carnegie  Science  Hall, 
Coe  College,  Cedar  Rapids,  beginning  at  1:30'  p.  m.,  Friday,  April  28. 

The  public  address  by  Dr.  Edward  L.  Nichols  of  Cornell  University,  on  "The 
Ends  of  the  Spectrum — The  Infra-Red  and  the  Ultra-Violet,"  was  given  Friday 
at  8:00  p.  m.,  in  the  auditorium  of  Marshall  Hall. 

Nitrogen  in  Rain  and  Snow Nicholas  Knight 

Asteroid,  1909,  JA Seth  Nicholson  and  Alma  Stotts 

(Introduced  by   D.  W.   Morehouse.) 

Vaccination  Against  Typhoid  Fever Henry  Albert 

Flowers  of  Story  County  J.  M.  Lindly 

The  Succession  of  Floras  on  the  Sand  Dunes  of  Iowa B.  Shimek 

A  discussion  of  the  changes  of  the  earliest  flora  of  these  dunes, 
consisting  largely  of  leguminose  plants,  to  the  typical  prairie  flora 
of   the   older   areas. 

The  Nebraskan  Drift B.  Shimek 

A  discussion  of  its  distril)Ution  and  correlation,  including  the 
results  of  recent  investigations.  The  conclusion  is  reached  that  this 
drift  cannot  be  correlated  with  the  Jerseyan  and  Albertan,  and  that 
the   name    "Kansan"    should    not    be    transferred    to    it. 

Notes  on  Fungus  Diseases L.  H.  Pammel 

Gives  a  record  of  a  very  destructive  Exoascus  upon  the  hard 
maple  in  the  Rocky  mountains,  also  an  account  of  the  destructive 
Exoasciis  on  the  oak,  the  destructive  Fomes  Iginarius  on  the  quaking 
aspen  in  some  parts  of  the  Wasatch  mountains  in  Utah,  as  well  as  the 
destructive  work  of  Pleurotus  upon  the  box  elder  and  other  deciduous 
trees   in    Iowa. 

Notes  on  the  Pollination  and  Variation  of  Red  Clover  (Trifolium  Pratensc) 

L.  H.  Pammel  and  Charlotte  M.  King 

Giving  notes  on  the  more  important  insects  that  pollinate  the  red 
clover  in  the  state  of  Iowa  and  their  relation  to  fertility  ;  compares 
the  amount  of  seeds  produced  per  head  and  the  number  of  flowers, 
showing   an    extreme    variation. 
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The  Ecology  of  a  Prairie  Formation  with  Adjacent  Swamp  and  "Woodland 

in  Story  County,  Iowa Ada  Hayden 

Gives  a  physiographic  account  of  the  region  with  a  physical 
analysis  of  the  soil  and  the  temperature  records  for  an  entire  growing 
season  and  a  list  of  plants  found  on  each  formation  and  the  re-popula- 
tion  of   tillable   soil   which   is   reverting   to   pi'airie. 

Some  Notes  on  Iowa  Fungi T.  H.  Macbride 

The  Flowers  of  Myriophyllum  Spicatum N.  D.  Knupp 

(Introduced  by  R.  B.  Wylie.) 

Glaciated  Rock  Surfaces  near  Linn  and  at  Quarry W.  H.  Norton 

Some  Features  of  the  Bering  River  Coal  Field,  Alaska George  F.  Kay 

Problems  on  the  Border  Lines  between  Geology  and  the  Other  Sciences.  ..  . 

George  F.   Kay 

Graphics  of  Ore  Origin Charles  R.  Keyes 

Volcanic  Phenomena  of  Coon  Butte  Eegion Charles  R.  Keyes 

Depositional  Phases  of  Eolation  Under  the  Stimulus  of  Aridity;  with  Special 

Reference  to  Iowa Charles  R.  Keyes 

Some  Characteristics  of  Light-Negative  Selenium Miss  Lilah  B.  Crum 

(Introduced  by  G.  W.  Stewart.) 
The  Use  of  a  Ballistic  Galvanometer  and  a  Pendulum  for  Measuring  Rapidly 

Fluctuating  Resistances Wm.  H.  Clark 

(Introduced  by  G.  W.  Stewart.) 

Notes  in  Regard  to  Efficiencies  of  Luminous  Flames G.  W.  Stewart 

On  the  Rate  of  Recovery  of  the  Elastic  Properties  of  a  Certain  Wire.  .L.  P.  Sieg 

The  Measurement  of  Musical  Capacity C.  E.   Seashore 

A    new    series    of    measurements    proposed    to    determine    musical 
memory,   sense  of   rhythm,    voluntary   control    of   pitcli,    the   perception 
of  consonance,  discrimination  for  intensity  in  addition  to  pitch  discrim- 
-'     ination,  methods  of  measurements,  and  results  illustrated. 

Illuminating  Engineering— A  New  Profession Arthur  H.  Ford 

(Introduced  by  Arthur   G.   Smith.) 

Some  Remarks  on  the  Solubility  of  Certain  Salts  in  Water LeRoy  D.  Weld 

The  Doppler  Effect  in  Electrodeless  Discharge Frank  F.  Almy 

Some  Laboratory  Apparatus   in   Elementary    Physical   Measurements 

Frank    F.    Almy 

The  Action  of  Epinephrin  Upon  the  Muscle  Tissue  of  the  Vein.  .  Jno.  McClintock 

A  Method  for  Studying  Embryos  as  Related  to  Medical  Work H.  J.  Prentiss 

The  Peripheral  Distribution  of  Cranial  Nerves  in  Necturus  Maculatus 

H.  W.  Norris  and  Margaret  Buckley 

The  Zoological  Rank  of  Necturus  as  Indicated  by  the  Origin  and  Distribution 

of  Its  Cranial  Nerves H.  W.  Norris 

Notes  on  Methods  for  the  Study  of  Amphibian  Eggs  and  Larvae.  .Albert  Kuntz 
The  Development  of  Lymph  Channels  in  Turtles  by  the  Fusion  of  Mesen- 
chymal   Spaces Frank    A.    Stromsten 

Some  Notes  on  Iowa  Reptiles M.  P.  Somes 
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Building  a  Museum T.  Van  Hyning 

An  outline  plan  of  building  an  Iowa  State  Museum ;  showing 
the  approximate  amount  of  museum  material  in  the  state  required 
for  a  museum,  together  with  showing  the  number  of  cases  required, 
case  space,  floor  space,  etc.,  for  a  completed  museum  representative 
of  the  state.  A  co-operative  plan  of  school  museums,  whereby  the 
schools  of  the  state  may  co-operate  with  the  state  museum  in  supplying 
a   museum   for  all   of   the    schools    is   proposed. 


EXCHANGES  IN  ACADEMY  LIBRARY. 

Abhandlungen  Gebiete  Naturwissensohaften. 

American  Academy  of  Arts  and  Science,  (Proceedings). 

Augustana  College  Library,   (Publications). 

Belgique-L'Observatoire  Royal,  Annals  de  Bruxelles,  Smithsonian  Exchanges. 

Bergen's  Museum. 

Biological  Society  of  "Washington.     Price  List  of  Publications. 

Biological   Society   of  Washington    (Proceedings). 

Boston   Society  of  Natural  History    (Proceedings). 

Brazil  Museu  Croeldi. 

Brazil  Para  Museu  Croeldi  Publicavoea  (do)   Memorias. 

Brooklyn  Inst,  of  Arts  &  Science.     Museum  Bulletin. 

California  Academy  Sciences   (Memoirs). 

California  Academy  Sciences  Occasional  Papers. 

California  Academy   Sciences    (Proceedings,  Geology). 

California  Academy  Sciences   (Proceedings,  Zoology). 

California  University  Bulletin. 

California  University   List  of  Publications. 

California  University.     Publications  in  Botany. 

Chicago  Academy  of  Science,  Bulletin. 

Cincinnati   Society   of   Natural  History,    (Journal). 

Colorado  College  Publications. 

Colorado   Scientific   Society,   Proceedings. 

Colorado  Scientific  Society,  Year  Book. 

Colorado  State  Hist,  and  Nat.  Hist.  Soc.  Biennial  Report. 

Colorado,  University  of.  Studies. 

Connecticut  Academy  of  Arts  and  Sciences,  Memoirs. 

Connecticut  Academy  of  Arts  and  Sciences,  Transactions. 

Connecticut  Geol.  and  Nat.  History  Survey,  Bulletin. 

Congre's  International  de  Botanique  Circulaire. 

Cuepre  de  Ingenieros  de  Minas  del  Peru  Boletin. 

Davenport  Academy  of  Sciences  Proceedings. 

Denison  University,  Bulletin   of  Scientific   Laboratories. 

Dorfleria. 

Edinburgh-Royal  Society^  Proceedings.     (Smithsonian  Exchanges.) 

Edinburgh-Royal    Society,   Transactions. 

Field  Columbian  Museum,  Publications. 

Field  Museum  of  Natural  History,  Publications. 


IOWA  ACADEMY   OF  SCIENCE 

Georgia  State  Board  of  Entomology,  Bulletin. 

Georgia  State  Board  of  Entomology,  Circular. 

Gray  Herbarium  of  Harvard  University,  Proceedings. 

Hamburg  Naturwissenchaftlichen  Verein  Abhandlungen. 

Henricksen,  G.,  Inspector  of  Mines,  Sundry  Geological  Problems. 

Illinois  Laboratory  of  Natural  History,  Bulletin. 

Illinois  University,  Bulletin. 

Indiana  Academy  of  Science,  Proceedings. 

Indiana  University,  Studies. 

lov^a  Academy  of  Science,  Proceedings. 

Jaarcijfers  voor  het  Koninkrijk  der  Nederlander. 

John  Crerar  Library,  Annual  Report. 

John   Crerar   Library.     List  of  Publications,   Handbook. 

Kansas,  University  of.   Science,   Bulletin. 

Lloyd  Library,  Biographical  Contributions. 

Lloyd  Library,  Bulletin. 

Louisiana    State  -Board    of    Agriculture    and    Immigration,    Bulletin.      (Gulf 

Biologic  Station.) 
Maine  University  Agricultural  Experiment  Station,  Bulletin. 
Maryland  Historical  Society,  Proceedings  and  Acts  of  the  Assembly. 
Mexico    Observatorio    Meteorologico    Central    de    Boletin    Mensual.      (Smith. 

Exchange.) 
Mexico    Observatorio    Meteorologico.      Servicio    Meteorol.,     Central     Mexico, 

Boletin. 
Michigan  Academy  of  Sciences,  Report. 
Michoacan  Seccion  Meteorologica  Boletin. 
Milwaukee  Public  Library,  Annual  Report. 
Milwaukee  Public  Museum,  Bulletin. 
Minnesota  Academy  of  Natural  Sciences,  Bulletin. 
Minnesota  Historical  Society,  Arch,  Collections. 
Miramichi  Natural  History  Association,  Proceedings. 
Missouri  Botanical  Garden  Report. 
Montana,  University  of.  Bulletin. 

Montreal  Natural  Hist.  Soc,  Canadian  Record  of  Science. 
Museum   of  Comparative  Zoology,  Harvard   College,  Bulletin. 
Naturforsehenden  Gezellschaft  Mitteilungen.     (Smithsonian  Exchanges.) 
Naturforsehenden  Gezellschaft  Vierteljahrschrift.     (Smithsonian  Exchanges.) 
Naturwissenschaftlichen   Vereins   Verhandlungen. 

Nebraska  University  Agricultural  Experiment  Station,  Annual  Report. 
Nebraska    University    Agricutural    Experiment    Station,    Bulletin. 
Nebraska  University  Studies. 
Nebraska  University,  Bulletin. 
Nevada  University  Bulletin. 
Nevada  University,  Studies. 
New  York  Academy  of  Sciences,  Annals. 
New  York  Botanical  Garden,  Bulletin. 
North  Dakota  University,  Quarterly  Journal. 
Nova  Scotian  Institute  of  Science  Proceedings  and  Transactions. 
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Oberhessischen  Gezellschaft  Fur  Natur  und  Heilkunde  Bereicht.  (Smithsonian 

Exchanges.) 
Oberlin  College  Laboratory  Bulletin. 
Oberlin  College  Library,  Wilson  Bulletin. 
Ohio  Archaeological  and  Historical  Society,  Quarterly. 
Ohio  State  Academy  of  Sciences,  Proceedings. 
Ohio  Geological  Survey,  Bulletin. 

Ohio   State  University  Agricultural  College,   Extension   Bulletin. 
Ohio  State  University,  Bulletin. 
Ohio  State  University,  News-Bulletin. 
Ohio  State  University,  Quarterly. 
Oklahoma  Geological  Survey,  Bulletin. 
Ottawa  Naturalist. 

Philadelphia  Academy  of  Natural  Sciences,  Proceedings. 
Phillipine  Islands  Bureau  of  Science,  Journal  of  Science. 
Philosophical   Society  of  Washington,   Bulletin. 

Pomona  College  Biol.,  Department  of,  Pomona  Journal  of  Entomology. 
Porto  Rico  Agricultural  Experiment  Station,  Bulletin. 

Reale  Instituto  Lombardo  di  Scienze  e  lettre.       (Smithsonian  Exchanges.) 
Real  Sociedad  Espanola   de  Historia  Natural,   Boletin. 
Regia  Scuola  Superiore  di  Agricultura  di  Portici  Annali. 
Republic  of  Cuba,  Department  of  Commerce  and  Labor,   Supplement  to  the 

Import  Tariff. 
Republique  Francaise,  Service  de  la  Statistique  Municipale.    Annuaire  Statis- 

tique  de  la  Ville  de  Paris. 
Rijks  Herbarium. 

Rio  de  Janerio,  Manquinhos.    Memoirs  do  Instituto  Oswaldo  Crus. 
Eio  de  Janerio  Museum  Nacional  (do)  Archives  (do). 
Rochester  Academy  of  Sciences,  Proceedings. 
St.  Louis  Academy  Sciences,  Transactions. 

Sao  Paulo,  Sec.  da  Agricultura  A  Riberia  de  Iguape  por  Edmundo  Krug. 
Smithsonian  Institute  Bureau  of  America,  Ethnology  Bulletin. 
Smithsonian  Institution,  An.  Report. 
Smithsonian  Institution  Nat.  Museum,  Bulletin. 
Sociedad  Scientifica  de  Chile  Actes. 

Sociedad  Scientifica  Revista  Soa  Paulo.     (Smithsonian  Institute  Exchanges.) 
Staten  Island  Nat.  Sci.  Association,  Proceedings. 
Texas  Academy  of  Science,  Transactions. 
Texas,  University  of.  Bulletin. 
Tufts  College  Studies. 

U.  S.  Agricultural  Department,  Crop  Reporter. 
United  States  Agricultural  Department,  Bulletins  and  Circulars. 
U.  S.  Bureau  of  American  Ethnology,  American  Report. 
U.  S.  Commerce  and  Labor,  Consular  Reports. 
U.  S.  Commerce  and  Labor,   (Bu.)    Census. 
U.  S.  Commerce  and  Labor,   (Bu.)   of  Manufactures. 
U.  S.  Department  of  Agriculture,  Monthly  List  of  Publications. 
U.  S.  Geological  Survey.  Bulletins. 
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U.  S.  Geological  Survey,     Mineral  Resources. 

U.  S.  Geological  Survey,  Monographs. 

U.  S.  Geological  Survey,  Professional   Papers. 

U.  S.  Geological  Survey,  Pub. 

U.  S.  Geological  Survey,  Water  Supply  Papers. 

U.  S.  Government  List  of  Official  Publications. 

U.  S.  Interior  Department  of  Ethnological  Survey  Publications. 

U.  S.  Library  of  Congress,  Publications. 

U.  S.  National  Museum,  Bulletins. 

U.  S.  National  Museum,  Contributions. 

U.  S.  National  Museum,  Proceedings. 

U.  S.  Navy,  Sec.  Gulf  of  Mexico. 

U.  S.  War  Dept.,  Roster  of  Organized  Militia  of  U.   S. 

U.  S.  War  Dept.,  Chief  of  Staff,  Extracts  from  Reports  by  Regular  and  Militia 

Officers. 
Upsala  University  Geol.  Inst.,  Bulletins. 
Victoria  Royal  Society  Proceedings. 
Victoria  Royal  Society,  Transactions. 
Warren  Academy  of  Science,  Transactions. 
Wisconsin  Academy  of  Science,  Transactions. 
Wisconsin  Nat.  Hist.  Society,  Bulletin. 
Wisconsin  University,  Bulletin. 

Wyoming,  University  of,  Bulletin  of  School  of  Mines. 
Yale  University,  Geol.  Department,  Geol.  Papers. 
Yale  University  Peabody  Museum  of  Nat.  History,  Guide. 
Yale  University  Peabody  Museum  of  Nat.  History,  Publications. 
Zeitschrift  fur  wissenschaftliche  Insectenbiologie. 
Zoologisch-botanischen  Gezellschaft.      (Smithsonian  Exchanges.) 


SAMUEL  CALVIN 
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IN   MEMORIAM 


PROFESSOR    SAMUEL    CALVIN. 

Professor  Samuel  Calvin,  Professor  of  Geology  in  the  State  University  of 
Iowa,  and  senior  fellow  of  the  Iowa  Academy  of  Science,  was  born  in  Wigton- 
shire,  Scotland,  February  2,  1840.  He  departed  this  life  on  the  morning  of 
April  17,  1911. 

It  is  fitting  that  this  Academy  should  spread  upon  its  records  some  expression 
of  appreciation  of  our  late  colleague,  both  as  a  fellow-worker  in  Science  and 
as  a  man  among  men,  and  the  minute  here  appearing  is  prepared  by  vote  of 
the  Academy. 

Professor  Calvin  entered  the  Academy  in  1876  and  his  name  appears  as 
that  of  active  member  or  fellow  in  every  volume  of  our  proceedings  published 
since.  His  name  also  appears  with  those  of  the  group  of  men  active  in  1887 
in  organizing  the  Academy  upon  its  present  prosperous  basis.  He  has  contrib- 
uted to  every  volume  of  our  proceedings;  his  papers  fill  our  pages  and  we 
can  but  deplore  that  such  a  record  of  industry  and  productiveness  is  forever 
closed. 

As  a  fellow  of  the  Academy,  Professor  Calvin  was  distinguished  at  once  by 
his  earnestness  and  his  generosity;  his  papers  were  always  presented  with  con- 
fidence indeed,  but  with  an  unassuming  modesty  that  won  for  him  the  sympathy 
and  the  affection  of  his  colleagues.  He  was  generous  in  the  extreme.  Having 
by  virtue  of  his  connection  with  the  state  survey  the  disposal  of  the  research 
work  of  Iowa,  he  freely  assigned  it  to  any  who  would  attempt  such  enterprise, 
always  attributing  at  last  to  every  author,  every  fraction  of  accomplished  work 
even  though  effected  under  his  own  immediate  personal  direction. 

He  was  State  Geologist  from  the  establishment  of  the  survey  to  the  time 
of  his  death,  with  the  exception  of  two  years  during  which  he  laid  aside  the 
responsibility  on  account  of  the  pressure  of  other  duties.  It  was  his  to  give 
shape,  proportion  and  character  to  the  work.  He  combined  its  scientific  and 
economic  phases  in  such  a  way  as  to  give  great  satisfaction  to  all  the  varied 
interests  involved. 

Professor  Calvin  easily  ranked  among  the  foremost  educators  of  the  state. 
He  was  a  natural  teacher.  He  loved  the  work  and  so  identified  himself  with, 
the  interests  of  his  pupils  that  they  promptly  recognized  their  opportunity 
as  a  high  privilege  and  rarely  did  he  fail  to  raise  even  the  most  unresponsive 
to  a  higher  plane  of  appreciation  and  endeavor.  The  intellectual  and  moral 
elements  of  a  true  manhood  were  so  admirably  mingled  and  proportioned  in 
him  that  his  pupils  and  friends  as  well  felt  in  his  presence  a  tonic  influence, 
a  wholesome  stimulus  to   better   things.     His  pupils,   wherever   they   may   be 
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found  today,   proudlj^   acknowledge   their   indebtedness   to   him   as   teacher  and 
friend. 

Professor  Calvin  was  a  naturalist  in  the  broad  sense  of  that  word.  He  loved 
Nature,  was  in  profound  sympathy  with  all  her  phases,  moods  and  movements; 
he  was  a  botanist,  a  zoologist,  a  geologist,  and  though  more  immediately  con- 
cerned at  last  with  the  history  of  the  planet  especially  in  recent  phases,  yet 
in  his  deepest  sympathy  he  was  a  student  of  life  and  her  ways,  and  he  turned 
the  pages  of  geologic  record  only  the  better  to  watch  the  drama,  to  measure  the 
stately  progress  of  earth's  living  forms;  he  stood  in  reverence  in  the  presence 
of  the  ages  and  appreciated  the  sublimity  of  their  mighty  message. 

The  members  of  this  Academy  recognize  thus  a  life  of  supreme  service  to 
the  state,  to  education  and  to  the  cause  of  science  in  the  world;  they  revere 
the  memory  of  Samuel  Calvin  and  find  in  his  example  the  purest  inspiration 
for  future  effort  and  devotion. 

Thomas  H.Macbbide, 
Melvix  F.  Aeey, 
William  Haemox  Nobtox, 

Committee. 


ASTEROID,  1909,  JA. 


BY  SETH  NICHOLSON  AND  ALMA  M.  STOTTS. 

(Abstract.) 
The  discovery  of  the  minor  planets  or  asteroids  has  become  so  gen- 
eral in  recent  years,  that  the  work  of  following  them  after  their  dis- 
covery is  of  great  importance.  After  an  orbit  has  been  calculated  the 
asteroid  can  be  identified  and  a  permanent  number  and  name  given  to 
it;  then  it  is  a  known  member  of  our  Solar  System.  The  asteroid 
whose  orbit  and  ephemeris  have  been  computed  and  are  given  in  this 
abstract,  was  discovered  by  Joel  H.  IMetcalf  at  Taunton,  Mass. 

ELEMENTS  AND  EPHEMERIS  OP  PLANET  1909  JA. 
Epoch  1909,  Dec.  31.5,  G.  M.  T. 
M=  52°   40'  56".l 

7r=339°    10'  45".l")  7r=339°   12'  25".5  ] 

0=231"   25'  31".l  1^        1909.0       fi=231°   27'  14".6  1 1911.0 
i=  15"  47'  07".6J  i=  15°  47'  07".l  J 


*=   19°   08'  48".7 


log  ^1=2.909696 
log  a=0. 426874 


RESIDUALS    (0— C) 

Aa  A5 

1909.  Dec.     3       I     +0^05 — 0".l 

Dec.  31     II     +0.05 0.0 

1910.  Jan.  28  III     +0.03 —0.1 

HELIOCENTRIC  CO-ORDINATES  1909.0 

x=  (9.989949) r  sin  (320°  20'  50'".2  +  u) 
y=(9.98847o)r  sin  (227^^  26'  05".2+u) 
z=  (9.493198)1-     sin   (271°  59'  03".2+u) 

HELIOCENTRIC  CO-ORDINATES  1911.0 

x=(9.989941)r  sin  (320°  22'  34".5  +  u) 
y=(9.9S8466)r  sin  (227°  27'  39".8+u) 
z=(9.493376)r  sin  (272°  00'  40".2  +  u) 
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1911 
Apr. 


May 


EPHEMERIS. 

G.  M.  T. 

a* 

(1911.0) 

5* 

(1911.0) 

log  r 

log  -1 

2.5 

8 

35 

09.62 

—0 

53 

52.5 

0.544710 

0.466544 

6.5 

8 

35 

20.22 

0 

33 

06.8 

0.545108 

0.474323 

10.5 

8 

35 

49.47 

—0 

13 

40.5 

0.545488 

0.482188 

14.5 

8 

36 

36.62 

+  0 

04 

23.1 

0.545856 

0.490107 

18.5 

8 

37 

40.90 

0 

20 

59.8 

0.546208 

0.498040 

22.5 

8 

39 

01.60 

0 

36 

06.1 

0.546544 

0.505948 

26.5 

8 

40 

38.00 

0 

49 

39.4 

0.546866 

0.513802 

30.5 

8 

42 

29.28 

01 

38.2 

0.547168 

0.521605 

4.5 

8 

44 

34.68 

11 

59.8 

0.547458 

0.529218 

8.5 

8 

46 

53.32 

20 

44.8 

0.547734 

0.536729 

12.5 

8 

49 

24.19 

27 

54.0 

0.547992 

0.544083 

16.5 

8 

52 

06.61 

33 

28.0 

0.548236 

0.551260 

20.5 

8 

54 

59.79 

37 

28.2 

0.548464 

0.558252 

24.5 

8 

58 

03.03 

39 

55.7 

0.548678 

0.565047 

28.5 

9 

01 

15.79 

40 

51.2 

0.548874 

0.571630 

1.5 

9 

04 

37.31 

+1 

40 

16.1 

0.549058 

0.577989 

June 

The  above  elements  were  computed  from  observations  made  by  Dr.  Palisa  at 
Vienna,  on  Dec.   3,   Dec.   31,   1909,   and  Jan.   28,   1910. 


*Corrected  for  aberration. 


VACCINATION  AGAINST  TYPHOID  FEVER. 


BY  HENRY  ALBERT. 

The  term  vaccination  was  originally  used  to  designate  the  introduc- 
tion of  material  from  pustules  of  cows  affected  with  cowpox  into  the 
human  being  to  protect  against  smallpox.  Such  produced  a  mild  form 
of  the  disease  and  conferred  immunity  to  the  more  severe  type  as  rep- 
resented by  smallpox  proper.  The  vaccine  represents,  then,  a  weak- 
ened or  attenuated  form  of  the  virus.  The  term,  as  now  used,  applies 
to  the  virus  of  any  infectious  disease, — the  virulence  of  which  virus  has 
been  diminished. 

In  1886,  Simmons  and  Frankel  immunized  small  animals  with  living 
cultures  of  typhoid  bacilli.  The  use  of  living  cultures  of  bacteria  even 
though  their  virulence  has  been  diminished  is  obviously  objectionable 
for  immunizing  human  beings.  It  has  moreover  been  shown  that  for 
certain  diseases,  dead  bacteria  will  immunize  quite  as  efficiently  as 
living  bacteria.  The  first  vaccinations  of  human  beings  against  typhoid 
fever  were  made  with  killed  typhoid  bacilli  by  Wright  in  1896.  Ty- 
phoid vaccines  were  used  to  some  extent  in  the  Boer  war  in  1900  but 
the  value  of  the  procedure  was  not  thoroughly  recognized  until  1904 
when  the  English  and  Germans  began  to  use  it  extensively  among  the 
soldiers.  In  1908  it  was  introduced  into  our  own  army — the  submission 
to  vaccination  being  at  first  entirely  voluntary  but  was  made  compulsory 
in  1911.       . 

To  date  more  than  14,000  American  soldiers  and  many  thousands 
more  of  the  English  anl  German  army  have  been  vaccinated  with  very 
good  evidence  of  protection  against  typhoid  fever.  In  the  earlier  work 
the  number  of  cases  of  typhoid  among  the  vaccinated  was  about  one- 
half  that  among  the  unvaccinated  and  the  number  of  deaths  from  that 
disease  only  about  one-fourth  as  high.  With  better  technique,  still 
better  results  have  been  obtained  as  shown  by  the  fact  that  the  recent 
figures  indicate  that  the  number  of  cases  of  and  deaths  from  typhoid 
fever  among  the  vaccinated  is  only  about  one-tenth  as  great  as  among 
the  unvaccinated  kept  under  the  same  conditions. 
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With  the  view  of  determining  the  factors  responsible  for  the  im- 
munity and  the  extent  of  the  protection,  we  made  a  series  of  examina- 
tions of  forty-six  medical  students  whom  we  vaccinated  three  months 
ago. 

Technique  of  preparation  and  administration  of  vaccine ; — The  vac- 
cine consists  of  a  culture  of  typhoid  bacilli  killed  by  exposure  for  one 
hour  to  a  temperature  of  56°  C.  and  the  addition  of  0.25%  trikresol.  1% 
is  injected  into  the  subcutaneous  tissue  of  the  arm  by  means  of  a 
hypodermic  syringe  in  three  doses  given  at  intervals  of  ten  days — 
the  first  dose  consisting  of  500,000,000  typhoid  bacilli  and  the  other 
two  of  1,000,000,000  each. 

Reaction; — In  four  to  five  hours  after  injection,  the  site  of  inocula- 
tion becomes  red,  swollen  and  tender  and  remains  so,  usually  for  sev- 
eral days.  About  the  same  time  general  symptoms  in  the  form  of  head- 
ache, malaise,  slight  fever,  etc.,  also  usually  develop.  These,  however, 
always  disappear  within  48  hours. 

The  reactions  which  indicate  immunity  can,  however,  onlj^  be  deter- 
mined by  an  examination  of  the  blood-.  These  may  be  divided  into 
the  following: 

1.  Leucocytic — In  about  two  hours  after  the  injection,  the  number 
of  white  corpuscles  of  the  blood  becomes  markedly  increased — rising 
from  the  normal  of  about  7,000  to  15,000  or  20,000.  The  increase  con- 
sists at  first  principally  of  polymorphonuclear  neutrophile  leucocytes 
but  after  several  days  principally  of  the  large  mononuclear  type.  The 
leucocyte  count  of  the  blood  returns  to  the  normal  in  about  four  days. 
The  leucocytes  appear  to  be  associated  with  the  production  of  the  more 
specific  immune  bodies. 

2.  Phagocytosis,  which  refers  to  the  ingestion  of  foreign  material, 
such  as  bacteria,  by  leucocytes,  is  increase  from  one  or  two  thousand 
times. 

3.  Agglutinins,  the  substances  which  cause  the  bacteria  to  lose  their 
motility  and  to  gather  in  small  clumps,  is  also  increased  from  100  to 
1,000  times  the  amount  found  in  normal  blood.  These  are  of  a  specific 
nature,  i.  e.,  if  induced  by  typhoid  bacilli  will  react  only  on  typhoid 
bacilli.     They  are  the  basis  of  the  Widal  test  for  typhoid  fever. 

4.  Bacteriolysins,  or  substances  that  actually  destroy  bacteria,  are 
also  increased,  but  our  present  means  of  determining  the  quantity  of 
such  is  very  unsatisfactory. 

Just  how  long  the  specific  antibodies  remain  in  the  system  is  not 
known.     The  phagocytic  index  and  the  quantity  of  agglutinins  is  still 
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high  (now  3  months  after  vaccination)  in  our  cases.  Clinical  evidence 
seems  to  indicate  that  the  immunity  will  last  at  least  three  years.  Lab- 
oratory tests  indicate  that  the  quantity  of  specific  antibodies  formed  in 
the  body  after  vaccination  is  higher  than  that  developed  during  the 
course  of  an  attack  of  typhoid  fever  and  inasmuch  as  one  attack  of 
typhoid  fever  apparently  confers  an  immunity  that  lasts  a  lifetime,  it 
is  quite  probable  that  one  vaccination  (three  doses)  will  be  quite  as 
efficient  for  as  long  a  time. 

At  the  present  time  antityphoid  vaccination  is  practically  limited  to 
the  personel  of  the  army.  They  are  especially  subject  to  the  disease 
by  virtue  of  being  frequently  stationed  in  temporary  quarters  under 
unsanitary  conditions.  In  view,  however,  of  the  harmlessness  of  the 
process  and  the  valuable  protection  which  it  affords,  vaccination  against 
typhoid  fever  may  well  be  much  more  widely  extended  especially  among 
individuals  liable  to  exposure  to  infection,  as  physicians  and  nurses  or 
those  who  do  considerable  traveling.  When  typhoid  fever  is  prevalent 
in  a  community  it  may  well  be  applied  to  citizens  in  general. 


FLOWERS  OP  STORY  COUNTY. 


BY  J.   M.  LINDLY. 

Noticing  that  the  proceedings  of  the  Iowa  Academy  of  Science  do  not 
contain  any  particular  enumeration  of  the  flowers  of  Story  county, 
the  writer  is  prompted  to  offer  the  following  list  from  the  herbarium 
of  Vene  C.  Gambell,  who  was  a  student  at  Ames  during  the  earlier  part 
of  the  decade  of  1880-90.  Such  a  list,  perhaps  only  partial,  is  thus 
afforded  the  academy,  and  a  more  permanent  and  accessible  record 
given  the  earlier  work  of  one  of  the  brightest  young  students  of  science 
in  the  history  of  the  state,  who,  had  he  been  permitted  to  round  out  the 
ordinary  span  of  life,  would,  doubtless,  have  attained  a  degree  of  scien- 
tific success  worthy  of  the  promises  of  his  youthful  attainments.  Born 
near  Winfield,  Iowa,  in  1863,  he  received  the  degree  of  Bachelor  of 
Science  in  1886,  from  the  Iowa  Agricultural  College,  taught  in  the  public 
schools  of  the  state  until  1894,  his  last  position  here  being  that  of 
superintendent  of  the  schools  of  AVapello,  which  he  left  the  day  after 
the  close  of  his  school  there  for  San  Francisco,  from  which  he  and  his 
wife,  Nellie  Webster  of  Rhodes,  Iowa,  sailed,  June  4,  1894,  for  St.  Law- 
rence Island,  Alaska,  where  he  remained  three  years  as  United  States 
government  teacher  to  the  natives,  returning  to  his  home  at  Winfield 
at  the  close  of  1897.  Sailing  the  second  time  for  St.  Lawrence  Island, 
the  vessel,  Jane  Grey,  was  wrecked  just  out  of  Puget  sound,  iMay  22, 
1898,  many  being  lost,  including  Mr.  Gambell,  wife  and  child. 

R.  Z.  Kirkpatrick,  formerly  of  Winfield,  an  alumnus  of  the  state 
college  at  Ames,  after  an  inspection  of  the  college  records  and  after 
conversing  with  the  older  members  of  the  faculty,  ^vrote  concerning 
i\Ir.  Gambell:  "His  electives  were  all  in  biological  subjects,  especially 
botany,  zoology  and  chemistry.  When  he  graduated  he  was  considered 
one  of  the  best  botanists  of  the  state.  His  grades  in  botany  and  zoology 
were  three  4's — perfect  marks — for  his  term's  work.  He  took  a  prom- 
inent part  in  college  activities,  especially  literary  work,  and  in  his 
junior  year  became  very  enthusiastic  in  college  religious  activities.  He 
took  an  extra  term  in  military  drill  and  was  a  captain  of  cadets  at  the 
time  of  his  graduation.     Commandant  Lincoln  refers  to  him  (in  1906) 
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as  'Oue  of  the  best  officers  I  ever  had,  and  I  recollect  him  as  well  as 
though  'twas  yesterday.'  " 

AMARYLIDACKAE. 

Hypoxys  erecta.     Star-grass.     Praries,  Ames.     May  15,  1884. 

apocy:vaceae. 
Tinea  herbaceae.     Periwinkle.     Hill  at  Capt.  Lincoln's,  Ames.     April,  1885. 

ARACEAE. 

Arisema  Dracontimn.     Green  Dragon.    Along  streams,  Ames.     May  28,  1884. 
Arisema  tripliyllum.    Indian  Turnip.     Woods,  Ames.    May,  1885. 

AEILIACEAE. 

Arilia  nudicaulis.     Wild  Sarsaparilla.     Woods,  Ames.     May  17,  1884. 

ARISTOLOCHIACEAE. 

Asarum  Canadense.    Wild  Ginger.    Wooded  hollows,  Ames.     May  18,  1884. 

BEEBERIDACEAE. 

Caulophyllum  thalictroides.     Blue  Cohosh.     Woods,  Ames.     May,  1882. 
Podophyllum  peltatum.     Mandrake.    Woods,  Ames.     May,  1885. 
Berberis  vulgaris,  var  purpurens.     I.  A.  C.  Grounds,  Ames.     June,  1885. 

BETULACEAE. 

Betula  alba.     White  Birch.     I.  A.  C,  Ames.     May,  1885. 

BORRAGINACEAE. 

LitJiospermum  canescens.     Puccoon.     Prairie,  Ames.     May  10,  1884. 
Lithospermum  lotigifloriivi.     Puccoon.     Praries,  Ames.     May  10,  1884. 
Mertensis  Yirginica.     Blue  Bell.     Woods,  Ames.     May  6,  1884. 

CAPRIFOLIACEAE. 

Lonicera  parviflora.     Honeysuckle.     Brush,  Ames.     May  17,  1884. 
Triostem  perfoliatum.    Fever-wort.    Woods,  Ames.     June,  1884. 

CELASTEACEAE. 

Eunonymus  atropurpurens.    Waahoo.    Woods,  Ames.    June,  1884. 
Celastrus  scandens.     Bitter-sweet.     Timber,  Ames.     June,  1884. 

COMPOSITAE. 

Amtennaria  plantaginifolia.     Everlasting.     Prairies,  Ames.     May,  1885. 
Aster  Novae-Angliae.    Aster.    Prairies,  Ames.    August,  1884. 
Aster  sericens.    Aster.    Prairies,  Ames.    August,  1884. 
Erigeron  Canadensis.    Horse-Weed.    Pastures,  Ames.    August,  1884. 
Erigeron  PMladelpliicum.,    Flea'bane.     Prairies,  Ames.    June  1,  1884. 
Eupatorium  purpureum.    Trumpet-Weed.      Timber  edge,  Ames.    Aug.,  1884.. 
Helenium  autumnale.     Sneeze-Weed.     Prairies,  Ames.     September,  1884. 
HeUantJius  giganteus.    Sunflower.    Low  grounds,  Ames.    August,  1884. 
Maruta  Cotula.    May-Weed.    Roads,  Ames.    June,  1884. 
Solidago  Canadensis.     Golden-rod.     Prairies.  Ames.     August,  1884. 
Solidago  rigida.     Golden-rod.     Pastures,  Ames.     September,  1884. 
Taraxicwm  Dens-leonis.     Dandelion.     Meadows,  Ames.     May,  1884. 
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CONVOLVfLACEAE. 

Cusciita  glomerata.     Dodder.     Wild  sunflower,  Ames.     August,  1884. 

CRUCIFERAE. 

Brassica  nigra.     Black  Mustard.     Fields,  Ames.     June  1,  1884. 
Capsella  B^irsa-jmstoris.     Shepherd's  Purse.     Roads,  Ames.     May,  1885. 
Cardamine  rhomboiclea.     Spring  Cress.    Damp  grounds,  Ames.     May  15,  1884. 
Dentaris  laciniata.    Pepper-root.     Along  streams,  Ames.     May  8,  1884. 
Draba  CaroUniana.    Draha.    Sandy  places,  Ames.    April  6,  1884. 

CUPULIFERAE. 

Carpinus  Americana.     Blue  Beech.    Woods,  Ames.     May,  1885. 
Corylus  Americana.    Hazelnut.    Brush,  Ames.    April,  1885. 

CYPERACEAE. 

Eriophorum  polystachyon.     Cotton  Grass.     Swamps,  Ames.     June  1,  1884. 

EUPHORBIACEAE. 

Euphorbia  hypericifolia.     Prairies,  Ames.     October,   1884. 

FUMARIACEAE. 

Dicentra  CucnUaria.    Dutchman's  Breeches.    Woods,  Ames.    April  30,  1884. 

FILICES. 

Adiantum  pedatum.    Maidenhair.    Woods,  Ames.    June  1,  1884. 
Canoptosoriis   rhizopliyllus.     Walking-Leaf.     Rocks,    Boone,    Iowa.      Septem- 
ber, 1884. 

GERAXIACEAE. 

Geranium  maculatum.    Cranesbill.    Woods,  Ames.     May  21,  1884. 
Impatiens  fulva.     Touch-me-not.     Woods,  Ames.     August,  1884. 
Oralis  stricta.     Yellow  Sorrel.     Meadows,  Ames.     August,  1884. 
Oxalis  violacea.    Wood-Sorrel.    Fields,  Ames.    May  8,  1884. 

HYDROPHYLI-ACEAE. 

Ellisia  Nyctelea.    Ellisia.     Shady  places,  Ames.    May  26,  1884. 
Hydrophylhim  Yirginicum.    Water-leaf.    Woods,  Ames.     May  26,  1884. 

IRIDACEAE. 

SisyrincMum  Bermudiana.    Blue-eyed  grass.     Prairies,  Ames.     May  19,  1884. 

LABIATAE. 

BruneUa  vulgaris.    Heal-all.    Fields,  Ames.    August,  1884. 
Mentha  Canadensis.    Wild  Mint.    Wet  grounds,  Ames.     August,  1884. 
Scutellaria  lateriflora.    Skullcap.    Wet  ground,  Ames.    September,  1884. 
Stacliys  palustrus.    Low  ground.  Ames.     September,  1884. 

LEGUMINOSAE. 

Baptisia  leucopliaea.     False  Indigo.     Prairies,  Ames.     May,  1884. 
Desmodium  acuminatum.    Tick-Treefoil.    Woods,  Ames.     August,  1884. 
Lathyrus  palnstris.    Vetchling.     Moist  places,  Ames.    June,  1884. 
Petalostevion  violaceus.     Prairie  clover.     Prairie,  Ames.     June,  1883. 
Phaseohis .     Woods,  Ames.     August,  1884. 
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TrifoUum  repens.     White   clover.     Meadows,   Ames.     June  1,   1884.      (From 
Herbarium  of  Lincoln  Bolan.) 

LILIACEAE. 

Erythronium  albidum.     Spring  Lily.     Woods,  Ames.     April  6,  1884. 
Liliuvi  Canadense.     Wild  Lily.     Prairies,  Ames.     July,  1884. 
Smilacina  racemosa.    False  Spikenard.    Brush,  Ames.    June  1,  1884. 
SmiTacina  Stella.    False  Solomon's  Seal.     Woods,  Ames.     May  6,  1884. 
Uvularia  grandiflora.     Bellwort.     Woods,  Ames.     April  6,  1884. 

LINACEAE. 

Linum  sulcatum.    Flax.     Prairie,  Ames.     August,  1884. 

LOBELIACEAE. 

Lodelia  cardinalis.    Cardinal  Flower.    Low  grounds,  Ames.    August,  1884. 

ONAGRACEAE. 

Oenothera  biennis.     Evening  Primrose.     Fields,  Ames.     July,  1884. 

ORCHIDACEAE. 

Cypripedium  candidum.     Lady's  Slipper.     Bogs,  Ames.     May  26,  1884. 
Cypripedium  puhescens.     Lady's  Slipper.     Brush,  Ames,  June,  1884. 
Orchis  spectaMlis.     Orchis.     Woods,  Ames.     June,  1883. 

PAPAVERACEAE. 

Sanguinaria  Canadensis.     Blood  root.     Woods,  Ames.     April  6,  1883. 

pole:moniaceae. 
Phlox  divaricata.     Phlox.    Woods,  Ames.    May  18,  1884. 
Phlox  pilosa.     Phlox.     Prairies,  Ames.     June  1,  1884. 

Polemonium  reptens.     Valerian.     Woods,  Ames.     June  1,  1884.     (From  Her- 
barium   of   Lincoln    Bolan.) 

polygalaceae. 
Polygala  Senega.     Seneca  Snakeroot.     Woods,  Ames.     June  6,  1884. 

polygonaceae. 
Polygonum  amphibium.    Water,  Ames.    June,  1884. 
Polygonum  incarnatum.    Wet  ground,  Ames.     June,  1884. 
Polygonum  orientale.    Prince's  Feather.    Waste  ground,  Ames.    June  4,  1882. 
Polygonum    Pennsylvanica.      Smart    weed.      Damp    ground,    Ames.      August, 
1884. 

Rumex  acetocella.     Sorrel.     Fields,  Ames.    May,  1885. 

PORTTILACEAE. 

Claytonia  Yirginica.     Spring  Beauty.     Woods,  Ames.     April,  1884. 

PRIMTJLACEAE. 

Dodecantheon  Meadia.     Shooting  Star.    At  Tom  Shearer's,  Ames.     May,  1885. 
Lysimachia  ciliata.     Thickets,  Ames.     August,  1884. 

Lysimachia   thyrsiflora.     Tufted   Loosestrife.      Swamp,    Ames.     June,    1885. 
(From  Frank  Boyd.) 
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RAXrXCa'LACEAE. 


Actaea  spicata.    Baneberry.     Woods,  Ames.    June,  1884. 

Anemona  decapetala.     Carolina  Anemona.     Sandy  hills,  Ames.     May  17,  1884. 

Anemone  nemorosa.    Wind-flower.     Brush,  Ames.     April  20,  1884. 

Anemone  patens.  Pasque-flower.  Prairies,  Ames.  April  13,  1884.  (From  L. 
Bolan.) 

Ane)none  Pennsylvanica.  Pennsylvania  Anemone.  Prairies,  Ames.  June  1, 
1884. 

Aquilegia  Canadensis.     Columbine.     Timbers,  Ames.     May  6,  1884. 

Caltha  palustris.     Marsh  Marigold.     Swamps,  Ames.     April  6,  1884. 

Clematus  Virginiana.     Virgin's  Bower.     Ames.     August,  1884. 

Hepatica  acutiloba.     Hepatica.    Woods,  Ames.     April,  1885. 

Isopyrum  Mtematnm.    Ames.     May  8.  1884. 

Ranunculus  abortiviis.    Crowfoot.     Meadows,  Ames.     May,  1885. 

Ranunculus  acris.     Buttercup.     Fields,  Ames.     June,  1884. 

Ranunculus  multifidus.     Water-Crowfoot.     Ponds,  Ames.     June  4,  1884. 

Ranunculus  repens.     Buttercup.     Swamps,  Ames.     April  16,  1884. 

Thalictrum  anemonoides.     Rue-Anemone.     Woods,  Ames.     April  29,  1884. 

RH.\MNACEAE. 

Ceanotlius  ovalis.     N.  J.  T.     Prairie,  Ames.     June,  1883. 


Agrimonia  Eupatoria.     Agrimony.     Brush,  Ames.     August,   1884. 

Amelanchier  alpina.    June  Berry.    From  Russia,  I.  A.  C,  Ames.     April,  1885. 

Amelanchier  Canadensis.    June  Berry.    Along  streams,  Ames.    May  10,  1884. 

Amelanchier  Canadensis,  var.  Botryapium.  I.  A.  C  grounds,  Ames.  April, 
1885. 

Crataegus  tomentosa.     Thorn.     Thickets,  Ames.     May  6,  1884. 

Crataegus  tomentosa,  var.  punctata.  N.  E.  Pres.  Office,  I.  A.  C,  Ames.  June, 
1885. 

Fragaria  Virginiana.     Strawberry.     Prairies,  Ames.    May  11,  1884. 

Potentilla  Canadensis.    Five-Finger.     Meadows,  Ames.    June  3,  1884. 

Potentilla  Norvegica.     Cinque-foil.     Pastures,  Ames.     August,  1884. 

Prunus  Americana.    Wild  Plum.     Brush,  Ames.     May  5,  1884. 

Prunus  Pennsylvanica.    Wild  Cherry.    Timber,  Ames.    May  14,  1884. 

Prunus  Virginiana.     Choke  Cherry.     Woods,  Ames.     April  30,  1884. 

SAPI>fDACEAE. 

Acer  dasycarpum.    Red  Maple.     I.  A.  C,  Ames.     March,  1885. 
Staphylea  trifolia.     Bladder-nut.     Thickets,  Ames.     May  1,  1884. 

SAXIFRAGACEAE. 

Ribes  Cynosbati.     Gooseberry.    Woods,  Ames.     May,  1885. 

Bibes  floridum.    Wild  Currant.     "Wilderness,"  Ames.    May,  1883. 

Ribes  rubrum.    Currant.    Gardens,  Ames.     May,  1884. 

SANTALACEAE. 

Comandra  umbellata.     Bastard  Toad-flax.    Prairie,  Ames.    June,  1884. 
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SCROPHUI.ARIACEAE. 

Castilleia  sessiliflora.    Painted  Cup.    Prairies,  Ames.    April,  1885. 
Gerardia  purpurea.     Gerardia.     Low  ground,  Ames.     September,  1884. 
Pedicularis  Canadensis.     Lousewort.     "Woods,  Ames.     May  16,  1884. 
Pedicularis  lanceolata.     Lousewort.     Damp  ground,  Ames.     August,  1884. 
Verbascum  Thapsus.     Mullein.     Fields,  Ames.     June,  1884. 
Veronica  peregrina.     Neckweed.     Roadside,  Ames.     April,  1885. 
Veronica  Virginica.     Culvers  Root.     Woods,  Ames.     August,  1887. 

SJIILACEAE. 

Smilax  lierbacea.     Carrion  Flower.     Woods,  Ames.     May,  1885. 

TYPHACEAE. 

Typlia  latifolia.     Cat-tail.     Wet  ground^  Ames.     June,  1884. 

UMBEIXIFEKAE. 

OsmorrMza  longistylis.     Sweet  Cicely.     Woods,  Ames.     May  24,  1884. 

URTICACEAE. 

Ulmus  fulva.     Red  Elm.     Woods,  Ames,  April,  1885. 

VIOLACEAE. 

Viola  cucullata.    Blue  Violet.    Everywhere,  Ames.     May  16,  1884. 
Viola  cucullata,  var.  palmata.     Hand-leaf  Violet.     Hillsides,  Ames.     May  9, 
1884. 

Viola  delpMnifolia.    Larkspur.    Prairies,  Ames.    May  24,  1884. 
Viola  pedata.     Bird-foot  Violet.     Dry  soil,  Ames.     June  1,  1884. 
Viola  puhescens.    Yellow  Violet.    Woods,  Ames.     April  7,  1884. 


SOME  FUNGUS  DISEASES  OF  TREES. 


BY    L.    H.    PAMMEL. 

The  researches  of  Hartig,  Tubeuf,  Metcalf,  Von  Schrenk,  and  others 
have  shown  that  quite  a  large  number  of  wood  destroying  fungi  be- 
long to  the  Agaricaceac.  Hypochnaceae,  Polyporaceae,  Hijdnanceac,  and 
Thclcphoraccac. 

In  many  cases  these  fungi  attack  the  plant  through  a  wound  result- 
ing from  a  windstorm  or  from  injudicious  pruning. 

Heart  Rot. 

Heart  rot  is  a  very  common  wood  destroying  fungus  and  occurs  on 
the  Quaking  Aspen  {Populus  tremuloides) .  This  species  is  not  abundant 
except  in  a  few  localities  in  Iowa,  though  the  most  important  de- 
ciduous tree  in  the  Rockies  from  New  Mexico  to  Canada.  At  times  it 
is  seriously  affected  with  fungus  diseases  in  the  Rocky  mountains.  In 
1908  we  found  thousands  of  diseased  trees  in  the  Wasatch  mountains 
in  Utah.  Many  trees  were  dying  from  a  heart  rot  caused  by  Fomes 
igniarius,  which  is  common  in  eastern  North  America  on  the  same  plant 
according  to  Haven  Metcalf.^  Saccardo-  reports  it  as  occuring  on  Salix; 
Winter"  on  the  same  host  and  Querciis.  Tubeuf*  adds  alder,  apple,  and 
other  deciduous  trees;  Lindau^  mentions  the  willow  and  apple;  Massee® 
and  Duggar^  give  short  accounts  of  the  fungus  and  its  injury  to  de- 
ciduous trees. 

The  fungus  was  named  Boletus  igniarius  L."  Then  Fries^  transferred 
it  to  the  genus  Polyporus  (P.  igniarius).  Subsequently  the  name 
Fomes^^  was  applied  to  the  perennial  species  of  Polyporus,  with  a  thick 


^Yearbook  U.  S.  Dept.  Agrl.  1907.491,  pZ.  59,  f.  I. 

=Sylloge  Fung.  6:180. 

^^Die  Pilze.  Abt.  1:424. 

^Diseases  of  Plants.  Engl.  Trans.  433. 

"Handbuch  der  Pflanzenkrankheiten.  386. 

"Diseases  of  Cultivated  Plants.  373. 

"Fungous  Disease  of  Plants.     464. 

'Fl.  Suecia.  1250. 

"Syst.  Myc.  1:375. 

^"Nov.  Symb.  31. 
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bracket  or  hoof  shaped,  hard  and  woody  pileus,  with  concentric  ridges, 
azonal  and  stratified  tubes. 

This  genus  includes  some  of  the  most  troublesome  of  the  wood  para- 
sitic diseases.  The  Fomes  fomentarius  on  the  beech,  birch,  and  yellow 
birch ;  the  F.  pinicola  on  pines,  spruces,  balsam  fir  are  excellent  illustra- 
tions of  very  destructive  wood  fungi.  The  F.  applanatus,  the  largest 
of  our  bracket  fungi  and  one  of  the  most  common  in  Iowa,  occurs  on 
the  oak,  maple,  apple,  plum,  and  many  other  deciduous  trees.  It  is  a 
wound  parasite  though  not  as  injurious  as  some  of  the  others. 

Hartig"  long  ago  worked  out  the  pathological  change  that  occurs  in 
the  wood  when  attacked  by  H.  igniarius.  The  germinating  spores  of  this 
fungus  enter  the  plant  through  a  wound,  which  may  have  been  formed 
by  the  breaking  off  of  a  branch  during  a  wind  storm  or  from  a  badly 
pruned  branch.  The  mycelium  spreads  into  the  wood  and  soon  reaches 
the  heart  wood  which  it  changes  into  a  brown  color,  then  into  a  whitish 
friable  substance.  The  mycelium  then  comes  to  the  surface  where  the 
fruiting  body  occurs.  The  l)ark  of  the  Quaking  Asp  in  the  vicinity  of 
the  fruiting  body  is  of  a  blackish  color.  The  fruiting  bodies  are  at 
first  white,  merely  roundish  knobs  then  become  hoof  shaped ;  they  con- 
tinue to  grow  for  several  years  each  year  adding  a  little  more  to  the 
old  layers  of  the  fungus.  It  is  3-6  inches  long  by  2  inches  thick.  The 
surface  of  the  fungus  is  brownish  black  and  more  or  less  cracked  and 
hard.     The  spores  are  colorless,  spherical,  6-7m  in  diameter. 

Near  Soldier  Summit  in  the  Wasatch  mountains  hundreds  of  trees 
were  attacked  by  the  fungus,  from  small  trees  less  than  6  inches  to  older 
trees  8-12  inches  in  diameter.  In  many  cases  old  trees  were  broken 
down.  It  was  apparent  here  that  where  one  tree  was  diseased  many 
others  could  be  found,  and  that  the  brackets  on  the  surface  were  the 
sources  of  infection.  In  other  portions  of  the  same  region,  as  in  the 
Bear  river  country,  Utah,  the  disease  was  not  observed  nor  in  the  San 
Miguel  mountains  in  Colorado. 

The  Oyster  Fungus  (Pleurotus  ulmaritts  Bull.) 

This  fungus  is  common  in  many  parts  of  Iowa  and  is  to  be  re- 
garded as  a  wound  parasite,  although  not  so  active  as  the  Fomes 
igniarius.  Common  on  the  Box  Elder  and  Basswood.  Metcalf"  men- 
tions it  as  a  wound  parasite,  stating  that  "presumably  it  does  not 
initiate  the  rot  of  the  tree  and  certainly  is  not  an  active  parasite  like 
the  false  tinder  fungus,  but  it  materially  hastens  the  decay  and  ultimate 


"Die  Zersetzungserscheinungen  des  Holzes. 


Fomes    applanatus    on    trunk    of   Cottonwood. 

Photograph  by  L.   H.   Pammel. 


Pleurotus   ulmarius  Bull.,   frequent  on   boxelder.      (la.   Agrl.   Exp.    Station. 
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death  of  the  tree."  It  is  certainly  a  very  active  agent  in  the  destruc- 
tion of  the  wood  of  the  Box  Elder  in  Iowa.  The  Box  Elder  {Negundo 
aceroides)  is  one  of  the  most  easily  injured  of  our  trees,  by  wind  storms 
which  often  leave  broken  branches  exposed  to  the  attacks  of  the  wound 
parasites. 

The  Oyster  Fungus  is  an  edible  species.  The  spores  germinate  in 
the  pockets  left  in  a  wounded  tree,  the  mycelium  enters  the  wood  where 
it  causes  a  slow  disintegration;  the  wood  frequently  turns  a  pinkish 
color.  The  white  mycelium  comes  to  the  surface  where  the  fleshy  white 
brackets  appear ;  sometimes  one  or  two,  but  frequently  more  may  occur. 
The  fruiting  body  2-5  inches  broad  is  generally  convex  or  sometimes 
nearly  flat,  firm  and  smooth,  white  or  sometimes  tinted  with  reddish 
yellow  or  brownish  yellow  in  color.  The  lamellas  broad,  extending 
down  on  the  stem,  white.  The  stipe  is  usually  curved,  white  or  whitish, 
smooth,  2-4  inches  long;  spores  white,  spherical. 

Root  Rot  Fungus. 

Root  Rot  Fungus  {Polystictus  versicolor  Fr.)  This  is  one  of  the 
most  common  of  our  wood  destroying  fungi  in  Iowa,  very  common  on 
the  soft  maple,  box  elder,  oak,  apple,  cherry,  and  other  deciduous  trees. 
This  fungus  has  been  mentioned  by  a  few  writers  like  Earle,  Galloway 
and  Woods,  but  has  not  been  regarded  as  causing  serious  trouble. 
However,  F.  S.  Earle^^  many  years  ago  attributed  a  root  rot  of  pear 
trees  in  Illinois  to  it.  Galloway  and  "Woods^''  considered  that  it  was  the 
cause  of  root  rot  of  many  trees. 

It  is  common  in  Europe  as  in  the  United  States  and  was  known  to 
Linnaeus,  who  described  it.  Fries,  however,  placed  the  fungus  in  the 
genus'  Polystictus'^*,  the  species  becoming  P.  versicolor  Fr}^ 

The  spores  germinate  in  the  moisture  which  collects  in  the  pockets 
of  wounds  and  in  the  wood  forms  a  white  mycelium,  which  occurs  not 
only  on  the  roots,  but  in  the  interior  of  the  wood  as  well.  It  causes 
disintegration.  Cherry  and  other  fruit  trees  diseased  have  a  tendency 
to  overbear;  a  gust  of  wind  will  cause  such  a  tree  to  split  more  easily 
in  the  crotches  or  to  break  off  exposing  the  thoroughly  disintegrated 
heart  and  sapwood.  According  to  Earle  on  pear  trees  the  white  my- 
celium covers  the  root  causing  the  decay,  the  growth  of  the  tree  be- 
comes stunted  and  there  is  a  tendency  to  overproduction  of  fruit.     It 


"Pear  Diseases  Caused  by  Fungi.    Trans.  111.  Hort.  Soc.  20:168. 
"Yearbook  U.  S.  Dept.  Agrl.  JS.96.-250,  /.  55. 
"Nov.  Symb.  54. 
'^Syst.  Mycol.  J. -368. 
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usually  takes  several  years  before  the  tree  is  killed.  The  fruiting  bodies 
of  the  fungus  occur  on  the  surface  where  they  form  numerous  thin 
brackets  with  a  zonal  marking  on  the  upper  surface  and  white  under- 
neath. 

KooT  Rot  of  Oak,  Etc. 

Hallimasch,  Honey  Agaric  {Armillaria  mellea  Vahl.).  The  Honey 
Agaric  or  Honey  IMushroom  has  long  been  recognized  as  the  cause  of 
root-rot  'disease  of  trees.  Its  parasitic  nature  was  first  described  by 
Hartig^°  and  later  verified  by  many  other  investigators.  During  the 
autumn  of  1910  a  large  number  of  specimens  were  found  in  an  oak 
forest  near  Ames.  They  are  found  mostly,  however,  on  the  stumps  of 
young  oaks  cut  off  the  previous  winter;  a  few,  however,  in  connection 
with  living  trees.  The  general  symptoms  of  the  disease  are  a  stunted 
growth  and  gradual  dying.  In  other  cases  the  trees  die  suddenly,  espe- 
cially during  dry  weather.  The  diseased  trees  show  a  white  mycelium 
of  a  leathery  consistency  on  the  roots.  There  are  also  dark  strands  or 
rhizomorphs,  which  are  connected  with  the  mycelium  between  the  bark 
and  the  wood.  These  rhizomorphs  undoubtedly  spread  the  fungus  from 
plant  to  plant.  The  fruiting  bodies  of  the  fungus  appear  in  great 
numbers  in  the  fall  and  come  from  the  rhizomorphs.  Th^y  are  yel- 
lowish brown,  2-4  inches  across,  with  dark  scales.  The  gills  (lamellae) 
are  attached  to  the  stem.  There  is  also  present  an  inner  veil  which 
forms  a  distinct  ring.  The  fruiting  body  is  3-8  inchs  high.  The  spores 
are  elliptical,  white  and  abundant. 

The  Spot  Disease  op  the  Butternut  and  Black  AValnut,  or  An- 

THRACNOSE.     Gnomoiiia  leptostyla  (Fr.)    Ces.  and  de  Not. 

Marsonia  Juglandis   (Lib.)      Sacc. 

For  nearly  twenty  years  the  writer  has  observed  this  disease  on  the 
black  walnut  and  butternut.  Though  generally  not  regarded  as  a 
serious  disease  by  most  observers,  the  writer  is  inclined  to  consider  it 
as  much  more  serious  than  is  usually  supposed.  It  is  not  an  uncommon 
thing  for  the  black  walnut  and  butternut  to  lose  their  foliage  during 
the  latter  part  of  August  because  of  the  attacks  of  the  Marsonia.  Few 
accounts  have  appeared  in  American  literature.  Selby^"  states  it  may 
do   serious   injury.      I   have   also   referred   to   its   injurious   nature   in 


'"Wichtige  Krankheiten  d.  Pflanzen.  also  Zersetzungerscheinungen,  etc. 
Galloway  &  Woods.    Yearbook  U.  S.  Dept.  Agrl.  lS96:2i9. 
Tubeuf.     Diseases  of  Plants.  455. 
^'Bull.   Ohio  Agrl.   Exp.   Sta.   214:452. 
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several  publications.^^  Tubeuf^''  refers  to  the  injury  of  the  fungus 
in  Great  Britain  on  the  English  walnut.  Massee  also  refers  to  it  and 
describes  the  character  of  the  fungus.  Klebahn-"  not  only  refers  to 
injurious  nature  of  the  fungus  in  Germany  but  gives  an  account  of 
the  life  history  as  worked  out  from  cultures  and  in  the  field.  Lindau-^ 
also  discusses  the  disease,  adding,  "Most  of  the  species  produce  dis- 
eases hardly  worth  mentioning  except  the  31.  Panattoniana  on  head 
lettuce."  The  imperfect  fungus  was  described  by  Madam  Libert  as 
LeptotJiyrium  Juglandis.  Subsequently  Saccardo--  placed  it  in  the 
genus  Marsonia.  ]\Iagnus-'  called  attention  to  the  prior  use  of  the 
name  IMarsonia  for  one  of  the  flowering  plants  and  hence  cannot  be 
used.  He  therefore  suggested  that  the  genus  be  changed  to  Marsonina. 
The  cultural  work  of  Klebahn  demonstrated  the  connection  of  this 
fungus  with  Gnomonia  leptostyla  (Fr.)  Ces.  and  de  Not.  the  ascigerous 
form.  This  stage  of  the  fungus  was  found  on  dead  leaves  of  Juglans 
regia  in  the  spring.  A  connection  with  this  fungus  had  previously 
been  suggested  by  Frank.-*.  Winter-^  and  Krieger-"  suggested  the 
same  conection  without,  hovrever,  furnishing  the  proof. 

Characters  of  the  Fungus 

The  fungus  causes  brownish  spots  which  at  first  are  circumscribed 
but  later  the  spots  may  become  confluent,  the  leaves  turning  yellow, 
and  falling.  The  spots  contain  on  their  lower  surface  small  blackish 
brown  pustules  appearing  above  the  surface  of  the  leaf.  These  are 
formed  by  the  pushing  up  of  the  stroma  and  the  spores,  the  latter  are 
borne  on  short  conidiophores.  The  mycelium  develops  between  the 
cuticle  and  the  wall  of  the  epidermis.  Finally  by  the  continued  forma- 
tion of  the  stromatic  cells  it  is  pushed  up  and  ruptured.  The  mj^celium 
is  light  colored,  septate  and  branched.  It  secretes  a  ferment  which 
destroys  the  tissues  and  produces  the  brownish  or  blackish  color  of 
the  leaf.  The  eonidia  are  colorless,  short,  straight  or  somewhat  sickle- 
shaped,  14-26^x2x3^,  usually  two  celled. 

Klebahn  describes  a  second  kind  of  spore  found  in  these  pustules. 
It      is     colorless,     straight     or     nearly     so      and     rod-like,     6x12mx 


"Contr.  Bot.  Dept.  41:22.    Proc.  la.  Acad.  Sci.  ]6:62.    .lour.  Myc.  7:103. 

"Diseases  of  Plants.  491. 

-"Zeitschrift  fur  Pflanzenkrankheiten.  11:22?,.  PI.  8  and  f.  1.  2. 

='Sorauer  Pflanzenkrankheiten.     429. 

"Marsonia  Juglandis   (Lib.)   Sacc.  P.  ital.  t.  1095. 

"'Hedwigia.  4.5:88. 

"Die  Krankheiten  der  Pflanzen.      (Ed.  2)    453. 

==^Die  Pilze.  2:580. 

■"Schadliche  Pilze  unserer  Kulturgewachse.  No.  87. 
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l-15i".  This  is  the  Leptothyriiim  Juglandis  Eabenh.,  or  Cryptosporium 
nigrum  Bon.  The  perfect  form  of  the  fungus  occurs  in  dead  leaves  in 
the  spring.  The  perithecia  are  brown,  spherical  200-300^  with  a 
long  beak;  each  ascus  has  8  two-celled,  spindle-shaped,  colorless  asco- 
spores,  19-25-"x3-«.  Klebahn  was  able  to  secure  positive  infec- 
tious inoculation  by  sowing  the  ascospores  on  young  leaves  of  the 
English  walnut.  The  fungus  can  be  cultivated  very  easily  in  nutrient 
agar  containing  a  decoction  of  walnuts.  In  these  cultures  an  abundance 
of  conidia  were  produced,  also  an  excretion  of  calcium  oxalate. 

It  may  be  added  that  I  have  seen  the  fungus  abundant  on  the  black 
walnut  and  butternut  in  Iowa,  Wisconsin,  Illinois  and  Minnesota,  and 
on  the  black  walnut  in  Missouri. 


The  Maple  Exoascus   {Taphrina). 

During  the  early  part  of  July,  1908,  the  writer  found  a  species  of 
Taphrina  abundant  on  the  Rocky  Mountain  hard  maple  (Acer  grandi- 
dentatum)  in  the  Wasatch  mountains  near  Logan,  Utah,  especially  in 
Logan  canon  and  along  the  adjacent  streams  emptying  into  the  Logan 
river.  In  some  cases  the  trees  were  entirely  defoliated,  in  others  a 
majority  of  the  leaves  were  attacked.  At  lower  altitudes'  the  disease 
was  too  far  advanced  to  indicate  the  cause  of  this  abundant  epidemic, 
but  at  higher  elevations  the  younger  leaves  had  the  characteristic  pale 
color  above,  with  a  whitish  somewhat  mealy  substance  on  the  under 
surface,  also  in  some  cases  the  mealy  substance  was  on  the  upper  i?ur- 
face  as  well. 

This  fungus  is  of  particular  interest  since  no  fungus  of  this  group  on 
the  maples  is  common  in  the  United  States.  Peck^^  described  an  Asco- 
myces  lethifer  upon  the  Mountain  Maple  (Acer  spicatum).  He  re- 
garded this  species  as  very  distinct  from  Taphrina  polyspora  (Sorok.) 
Johan.,  because  this  species  forms  definite  spots  and  the  leaves  soon 
turn  black,  wither  and  die.^^  "Sometimes  all  the  leaves  on  a  branch 
are  affected  and  the  fungus  then  causes  a  veritable  blight." 

The  T.  polyspora  was  described  as  an  Ascomyces  (Ascomyces  poly- 
spora Sorok.  )^^   and  subsequently  placed  in  the   genus   Taphrina  by 


"Rep.  N.  Y.  State  Museum.  40:66. 

^Indefinite,  hypophyllous,  often  occupying  ttie  whole  lower  surface  of  tiie 
leaf  and  suffusing  it  witti  a  glaucous  bloom;  asci  cylindrical,  obtuse  or  subtrun- 
cate,  40 — 50x15 — 20/^;  spores  minute,  varying  from  narrowly  elliptical  to  sub- 
globose,  4 — 5x2 — Sya. 

^Ann.  d.  Sc.  Nat.  VI: 4: 72.  1876. 
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C3     ^  O. 


^?^~ 


1  Leaves  of  Acer  ffrandidentatum  affected  by  Taphrina. 

2  Section  of  upper  side  of  affected  leaf ;  a  ascus,  lying  between  cuticle  and  re- 
mainder of  cell-wall. 

3  Section  of  leaf  showing  earlier  stage  ;   h,  hyphae  divided. 

4  Group  of  young  asci  (a)  and  short  hyphae  ih). 

5  Group  of  three  asci  with  ascospores,   indefinite  in  number. 


-Figures  drawn  by  Miss  Charlotte  M.  King. 
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Jolianson.^"  Sadebeck,  in  one  of  his  earlier  papers  on  Taphrina,  makes 
mention  of  T.  polyspora?^  and  in  a  subsequent  paper  gives  a  good  de- 
scription.^- 

The  following  comments  on  Taphrina  have  been  furnished  me  by 
Dr.  Farlow: 

"The  different  species  of  Taphrina  and  Exoascus  on  maples  are 
somewhat  confusing.  E.  acericola  C.  Massalonga  was  described  in 
Malpighia  VIII,  121,  1894,  but  his  variety  Pseudoplatani  of  that  species 
had  been  previously  referred  to  Taphrina  polyspora  as  a  variety." 

"Taphrina  polyspora  (Sorokin)  Johan.  was  described  a  good  many 
years  ago  as  an  Ascomyces  by  Sorokin.  if  I  remember  correctly,  and 
was  called  Taphrina  polyspora  by  Johanson  in  1887.  The  Taphrina 
aceris  of  Linhart  is  a  synonym  of  this  species'.  Taphrina  acerina  Elias- 
son,  a  more  recent  species,  dates  from  1895." 

Sadebeck  places  the  form  on  Acer  pseudoplatanus  as  a  variety  of 
polyspora  the  variety  pseudoplatani.  This  form  having  asci  from-  16- 
24x10-12m  in  diameter.  Producing  like  the  species  an  abundance  of 
yeast-like  conidia  occuring  in  the  asci.  According  to  Massalonga,  the 
asci  only  develop  on  the  lower  surface  of  the  leaf.  This  variety  is  also 
found  in  Italy,  while  the  species  occurs  in  southern  Russia,  Hungary, 
and  Scandinavia. 

The  Taphrina  acerina  was  described  and  figured  by  Eliasson."'  The 
mycelium  is  subcuticular,  the  apex  of  the  asci  is  roundish  or  truncate: 
15-23-"  long  by  9-12*"  wide,  crowded,  the  stalk  cells  not  entering  into 
the  epidermis,  round  at  the  base  79m  by  12-15-" ;  aseospores  globose, 
415/^  in  diameter.  This  was  also  found  upon  Acer  platanoides  in 
Upsala,  Sweden,  and  evidently  is  distinct  from  the  Taphrina  lethifer 
of  Peck. 

The  characters  of  the  disease  upon  Acer  grandidentatum  are  as  fol- 
lows: The  leaves  are  yellowish,  then  finally  becoming  blackish  and 
fall ;  they  are  not  crinkled.  The  asci  usually  occur  upon  the  lower  surface 
of  the  leaves  although  in  some  cases  upon  the  upper;  the  mycelium  is 
perennial  in  the  buds  forming  a  subcuticular  mycelium ;  densely  crowd- 


^''Ofv.  af.  Kgl.  Vet.-Akad.  Forhandl.  Stockholm  1885;  1:41  Bihang.  Till.  Kgl. 
Svenska  Vet.-Akad.  Handlingar.  13:19,  No.  4. 

^^Kritischen  Untersuchungen.  Jahrbuch  der  Hamburgischen  Wissenschaft- 
lichen  Anstalten.     8:3.5. 

'^Die  parasitschen  Exoasceen.  Jahrbuch.  der  Hamburgischen  Anstalten. 
10:76. 

^''Bihang  Tilk  Svenska  Vet.-Akad.  Handlingar.     20:3:  No.  4.  PI.  1. 
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ed,  so  much  so  that  it  is  difficult  to  make  out  the  character  of  the  asci 
in  mounts  that  are  not  stained.  The  asci  are  cylindrical,  rounded  or 
somewhat  flattened,  20-18x12-18/".  The  ascospores  are  usually  num- 
erous in  the  ascus  and  measure  4-5m  in  diameter.  Comparison  of  the 
material  from  Eliasson  (specimens  kindly  furnished  by  Dr.  Farlow) 
indicates  that  the  asci  of  this  species  are  different  from  those  of  the 
other  species.  It  has  not,  however,  been  compared  with  letJiifer,  but  as 
indicated  above  it  apparently  differs  from  that. 


Groups   of   asci.    with   ascospores ;    1    Taphrina   acerina,   2    Taphrina  polyspora, 
3   Taphrina  on  Acer  grandidentatum . 


Drawn  by  Charlotte  M.  King. 


POLLINATION  OF  CLOVER. 


BY    L.    H.    PAMMEL    AND    CHARLOTTE    M.    KING. 

It  has  frequently  been  stated  by  scientific  investigators  that  insects 
are  necessary  to  convey  the  pollen  in  cross  fertilization  of  red  clover. 
The  opinion  is  often  expressed  by  clover  growers  and  some  popular 
writers  that  insects  are  not  necessary  to  secure  pollination  of  red  clover. 
The  following  by  Henry  Wallace  is  a  fair  statement  of  the  position 
taken  by  quite  a  number  of  agricultural  writers.^ 

"We  have  been  inclined  to  account  for  the  failure  of  red  clover  to 
produce  a  crop  of  seed  by  the  fact  that  the  growth  is  rank  and  there- 
fore, like  all  other  plants  that  produce  rank  foliage,  is  not  a  heavy 
seed  or  fruit  producer.  We  have  therefore  been  inclined  to  think  that 
the  yield  of  clover  seed  is  determined  by  climatic  conditions  rather 
than  the  presence  or  absence  of  bees  or  insects.  For  ourselves,  we  shall 
have  to  give  up  our  belief  in  the  insect  fertilization  of  clover  until  we 
have  further  and  conclusive  evidence." 

]Mr.  Wallace's  statement  is  based,  in  part  on  remarks  made  by  Garton 
to  him  that  the  red  clover  is  self-fertile.  ^NIcAlpine-  referred  to  Gar- 
ton's  work  in  a  paper  in  Botanical  Society,  which  was  not  available  in 
the  preparation  of  this  paper.  We  will  see  later  that  the  observations 
of  Garton  are  not  conclusive,  that  clover  is  self-pollinated. 

PammeP  in  1889  published  a  statement  on  the  pollination  of  red 
clover  and  has  since  given  some  attention  to  the  subject.*  Darwin" 
many  years  ago,  recorded  an  experiment  in  which  it  was  shown  that 
self-pollination  did  not  occur.    Subsequently  Herman  Mueller®  recorded 

'Wallace's  Farmer.     Sept.  3,  '09. 
^Edinburgh  Bot.  Society.     1000:14. 
'Trans.  St.  Louis  Academy  of  Science.     5:290. 
^Ecology.     169-173. 

^Origin  of  Species.  Chapter  III.  Self  and  Cross  Fertilization  in  the  Vege- 
table Kingdom.     6  Ed.     Murray  1876:75. 

'Befruchtung  der  Blumen.     English  Trans.,  Fertilization  of  Flowers.  184-186. 
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similar  results.  W.  J.  Beal/  A.  J,  Cook,^  F.  A.  Sirrine,^  and  Kirchner^" 
found  that  red  clover  is  not  self-fertile.  Robertson^^  discussed  the  pol- 
lination of  clover  by  insects.  Prof.  Hunt^"  states:  "It  has  long  been 
recognized  that  red  clover  and  other  leguminous  flowers  may  be  self- 
pollinated,  although  it  has  never  been  determined  whether  self-pollina- 
tion, or  cross  pollination  most  commonly  occurs."  The  same  writer^^ 
states  also,  "The  organization  of  the  flowers  of  the  legumes  is  such 
that  cross-pollination  can  occur  only  by  means  of  insects  or  other  ex- 
ternal agencies.  That  pollen  in  some  species  and  perhaps  in  all  species 
may  pollinate  the  stigma  of  its  own  flower  seems  certain.  That  the 
showy  flowers  common  to  legumes  serve  to  attract  insects  which  visit 
them  for  nectar  and  pollen,  and  thus  to  bring  about  cross-pollination 
seems  equally  certain.  Whether  self-fertilization  or  cross-fertilization 
most  commonly  occurs  is  a  matter  requiring  further  investigation." 

PammeP*  states,  "It  is  generally  supposed  that  the  second  crop  of 
clover  produces  more  seed  than  the  first.  This,  I  think,  is  due  to  in- 
sects, there  being  a  much  larger  crop  of  bumble-bees  at  the  time  of  the 
second  flowering,  than  at  the  first." 

To  these  observations  might  be  added  the  experience  of  clover  grow- 
ers in  New  Zealand.  Dunning^ ^  gives  an  account  of  the  introduction  of 
bumble-bees  into  Australia.  Previous  to  the  introduction  of  these  in- 
sects no  clover  seed  was  produced,  but  when  they  began  to  spread,  and 
became  a  part  of  the  insect  fauna,  the  red  clover  also  began  to  spread 
rapidly.  The  inference  may  be  drawn  that  the  bumble  bee  had  some- 
thing to  do  with  seed  production  of  the  plant  in  Australia. 

Structure  of  the  Flower. 

The  flowers  of  red  clover  are  produced  in  heads.  The  number  of 
heads  per  stalk  varies  from  1-14  heads.  The  number  of  flowers  is  ex- 
tremely variable.  The  average,  however,  as  shown  by  Miss  Edna  C. 
Pammel  for  Ames,  is,  for  black  loam  first  crop  71.1;  for  black  loam 


^Grasses  of  N.  Amer.  i:  235-238. 

*Cook,  A.  J.     Bull.  Difv.  Ent.  26:87. 

»Sirrine,  F.  A.     Bull.  la.  Agrl.  Exp.  Sta.  13:89. 

'°Kirchner.  Ueber  die  Wirkung  der  Selbtbestaubung  bei  den  Papilionaceen. 
Naturwissenschaftliche  Zeitschrift  fur  Land.  u.  Forst  Wissenschaft.  3:1-16, 
49-64,   97-111. 

"Bot.  Gaz.  17:177. 

"Wallace's  Farmer.     Oct.  22,  1909. 

"Forage  and  Fiber  Crops  in  America.     124. 

"Henry  Wallace.     Clover  Culture.     121-123. 

'=^Proc.  Entomological  Soc.  London.     1886. 


IOWA  ACADEMY  OP  SCIENCE 


37 


38  IOWA  ACADEMY  OF  SCIENCE 

second  crop  98.1 ;  for  black  loam  underlaid  with  gravel,  second  crop 
101.03 ;  for  alluvial  soil,  third  crop  68.7. 

The  flower  consists  of  a  green  calyx  of  five  pointed  lobes ;  and  a  purple 
corolla  of  the  following  parts,  an  upper  larger  petal,  known  as  the 
standard,  two  lateral  petals,  the  wings,  the  lower  part  known  as  the 
keel  consisting  of  two  united  petals.  The  keel  contains  the  10  diadel- 
phous  stamens,  9  forming  a  tube  and  one  separate,  and  a  single  pistil 
with  a  style  curved  upward.  The  lower  flowers  open  first,  and  then 
continue  to  open  toward  the  apex.  It  requires  from  6-8  days  for  all 
of  the  flowers  of  a  head  to  bloom.  Sometimes  as  many  as  40  flowers  will 
be  in  bloom  at  the  same  time.  The  position  of  the  flower  is  upward 
and  it  retains  this  position.  The  pollen  grains  are  contained  in  the 
anther  and  though  somewhat  variable  as  shown  in  another  table  are' 
generally  elliptical,  .02-.04x.028-.068  mm.  The  flowers  because  of  the 
pleasant  odor  and  large  amount  of  nectar  are  attractive  to  insects. 
The  nectar  is  concealed  in  the  base  of  the  staminal  tube,  9-10  mm.  long, 
which  is  formed  by  the  fusion  of  the  nine  lower  filaments  and  attached 
to  the  claws  of  the  petals.  The  upper  free  stamen  lies  on  one  side  so 
that  the  opening  of  the  staminal  tube  permits  the  insect  to  get  the 
nectar.  When  an  insect,  like  the  bumble-bee,  lights  on  the  flower,  it 
holds  on  with  its  fore-legs  to  the  wings  which  are  attached  to  the  keel. 
Tiie  pressure  exerted  depresses  the  keel  and  wings  so  that  the  stigma 
and  stamens  protrude,  the  latter  being  somewhat  shorter  than  the 
pistil.  The  other  two  legs  are  supported  by  the  other  parts  of  the 
head  of  the  clover.  The  anthers  dehisce  and  the  pollen  is  left  on  the 
upper  side  of  the  bee's  head.  The  stigma  receives  the  pollen  from  an- 
other flower.  Self-pollination  can  occur  when  the  insect  withdraws  its 
head.  "When  the  bumble-bee  leaves  the  flower  the  parts  return  to  their 
position  because  of  the  elasticity  of  the  base  of  the  keel  and  a  small 
dilated  vescicular  process  at  the  base  of  the  wings.  Some  of  the  pollen 
collecting  insects  can  also  depress  the  keel. 

Insect  Visitors. 

Observations  on  the  insect  visitors  of  clover  have  been  made  at  Ames 
for  a  number  of  years.  We  are  indebted  to  Prof.  Herbert  Osborn  for 
a  determination  of  insects  found  prior  to  1898  and  to  Prof.  H.  E. 
Summers  for  those  found  since  that  time.  The  insect  visitors  here 
named  include  those  recorded  by  Robertson  for  Carlinville,  Illinois, 
(marked  C.)  and  those  from  Ames  (marked  A.).  Arranged  in  groups 
by  orders,  they  are  as  follows : 


-s 


Fig.  1 


Fig.  2 


Fig.     Trifolium  pratense.    1,  parts  of  corolla,  keel  closed;  2,  arrangement  of 
stamens  and  pistil  within  keel. —  (Charlotte  M.  King.) 


40  IOWA  ACADEMY   OF  SCIENCE 

Lepidoptera    Eurymus  eurytheme  (A.) 

Eurymus  philodice  (A.) 
Pontia  rapae    (A.) 
Autographa  brassicae   (A.) 
Anosia  plexippus    (A.) 

Diptera    Exoprosopa  sp.   (A.) 

Hymenoptera    Bombus  americana  (A.) 

B.  bimaculatus  (A.) 

B.  pennsylvanica   (A.  C.) 

B.  nevadensis   (A.) 

B.  fervidus  (A.) 

B.  separatus    (A.) 

B.  vagans  (A.) 

Apis  mellifica   (A.  C.) 

In  the  above  list,  the  most  important  pollinators  are  the  bumble- 
bees of  the  Hymenoptera  and  the  bumble-bee  fly  Exoprosopa;  these  are 
normal  pollinators.  The  honey  bee  {Apis  mellifica)  has  been  found  a 
good  many  times.  In  some  cases  it  visits  the  flowers  for  pollen.  In 
such  cases  the  insect  lights  on  the  keel,  gathers  the  pollen  and  makes 
no  effort  to  get  nectar.  During  the  summer  of  1910  many  bees  were 
found  on  red  clover  gathering  both  nectar  and  pollen.  The  nectar  was 
obtained  through  perforations  in  the  staminal  tube.  In  no  case,  how- 
ever, were  honey  bees  observed  making  these  perforations.  Pammel  in 
an  extended  paper  on  the  subject  of  the  perforation  of  flowers  con- 
cluded that  honey  bees  never  perforate  flowers.  Among  the  common 
perforators  of  flowers  the  wasp  (Vespa)  and  carpenter  bees  (Xylocopa) 
must  be  mentioned.  The  Vespa  is  not  infrequent  on  the  flowers  of 
clover  and  may  be  responsible  for  these  perforations. 

The  Lepidoptera  collect  only  nectar  and  are  by  far  the  most  frequent 
visitors  found  on  the  red  clover.  They  are  not  normal  pollinators. 
Robertson  has  observed  that  "these  insects  cannot  depress  the  keel 
and  though  they  get  a  little  pollen  on  the  proboscides  they  are  apt  to 
wipe  it  ofl'  by  the  closely  approximated  tips  of  the  petal  which  close 
the  mouth  of  the  flowers." 

Some  observations  were  also  made  on  the  number  of  insects  found  on 
the  flower  of  red  clover  over  a  given  area.  Miss  Ada  Hayden  kept  a 
record  of  these  insects  found  on  six  feet  square  for  six  days,  June, 
1908;  Mr.  P.  Bird  for  70  square  yards,  June,  1909.  The  species  of 
Bomhiis  were  not  determined  as  to  species  but  simply  listed  as  Bombus. 
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Observation  for  36  square  feet  of  Clover  Field. 


Kind  of  Insect 

Date  and  Time  of  Observation 

June  22 
4-5  p.  m. 

June  23 

3:30-1:30 

p.  m. 

June  24 

1:40-2:40 

p.  m. 

June  25 

2:30-3:30 

p.  m. 

June  26 
4-5  p.  m. 

June  27 
9-10  p.m. 

Bombus  sp 

Anosia   plexippus 

Vespa  

Eurymus   philodice.. 
Pieris   sp 

1 

2 

6 
5 

1 
9 

1 

3 

1 

2 

1 
1 

9 
4 

8 
3 

4 

Name  of  Insect 

Observations  for  70 
square  yards 

For  75  square  yards 

4:15-5:15  p.  m. 

11  a.  m.-12  m, 

Bumble  bees  

Honey  bees   

Wasps     

Butterflies   

12 
1 

1 

6 
3 

28 

It  has  often  been  said  that  there  are  not  enough  bees  to  secure  pol- 
lination of  red  clover.  It  seemed  important,  therefore,  to  determine 
the  number  of  flowers  visited  by  bees.  In  this  work  we  were  assisted 
by  'Mr.  E.  E.  Garner.  The  following  table  indicates  that  there  is  much 
variation  in  time  spent  in  a  single  flowel"  by  a  bee.  This  is  no  doubt 
due  in  part  to  the  fact  that  in  some  cases  flowers  had  previously  been 
visited  by  a  bumble-bee  and  had  little  nectar.  In  other  cases  it  was 
difficult  to  follow  the  bee  because  it  would  visit  a  few  flowers  and  then 
fly  to  another  portion  of  the  field.  Only  a  few  observations  were  made 
on  the  honey  bee ;  in  one  case  three  flowers  were  visited  in  five  seconds, 
and  in  another  six  flowers  in  ten  seconds.  In  nearly  every  ease,  how- 
ever, the  bumble-bee  would  confine  its  visits  to  the  red  clover,  though 
white  clover,  alsike,  partridge  pea,  and  other  plants  were  in  abundance 
in  the  immediate  vicinity. 
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OBSERVATIONS  "UPON  WORK  OF  BUMBLE  BEES  UPON  RED  CLOVER.      AUGUST  1908. 


No.  flowers 

No.  seconds 

Date 

Visit 

entered  on  head 

required 

August  28,  '08  

1 

5 

10 

2 

5 

15 

3 

21 

50 

4 

19 

40 

5 

14 

35 

6 

18 

40 

7 

13 

40 

8 

9 

25 

9 

5 

15 

10 

13 

35 

11 

13 

20 

12 

19 

40 

13 

4 

10 

14 

20 

40 

15 

8 

12 

16 

5 

10 

17 

14 

40 

18 

5 

10 

19 

6 

15 

20 

13 

20 

21 

10 

15 

22 

9 

20 

23 

8 

20 

1 

1     24 

7 

15 

25 

16 

35 

1     26 

2 

5 

1     27 

7 

15 

28 

3 

5 

August  16,  '08  

29 

16 

12 

30 

36 

65 

August  9,  '08  

31 

14 

40 

32 

24 

45 

Tliis  list  records  381  visits  to  flowers  in  814  seconds  or  1  visit  in 
about  2  seconds. 

Regarding  the  timing  of  bees'  visits,  from  one  of  Lubbock's  interest- 
ing accounts  we  learn  that  a  honey  bee  made  59  visits  in  7  hours. 
Other  series  of  observations  showed  no  great  departure  from  this  tim- 
ing, about  7  minutes  for  each  trip. 

Estimating  an  average  of  30  heads  of  clover  in  each  square  foot,  and 
880  flowers  in  each  head,  that  each  visit  requires  2  seconds,  all  the 
flowers  in  one  square  foot  may  be  visited  in  1  1-3  hours. 

It  is  evident  that  the  requirements  of  an  entire  field  are  exceed- 
ingly great;  each  pollinator,  however,  can  accomplish  in  the  season 
an  important  part  toward  the  cross-pollination  of  the  field  of  clover 


Tig.    Red  Clover,  Trifolium  pratense,  with  bumble  bees. 
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The  following  measurements  of  the  staminal  tube  of  flowers  of  red 
clover  show  that  there  is  considerable  variation  in  length.  For  this 
study  ten  heads  were  selected,  and  measurements  made  of  10  flowers 
from  each;  a  second  group  of  30  heads  were  selected,  and  measure- 
ments made  of  15  flowers  from  each  head.  In  all,  measurements  of  450 
flowers  were  made ;  the  lengths  of  the  tubes  were  as  follows :  Least 
.33  in.  (or  8  mm.)  ;  the  greatest  .47  in,  (or  12  mm.)  ;  average  .385  in. 
(or  9.4  mm.).  The  foregoing  study  shows  about  the  same  length  of 
staminal  tube  as  indicated  by  the  figures  of  Mueller  and  by  Darwin.^'' 

In  discussing  pollination  Knuth  says: 

"Self-pollination  may  also  take  place  when  the  head  of  the  bee  is 
withdrawn,  but  Darwin  says  that  this  is  ineffective  (though  Kerner  is 
of  the  opposite  opinion)  and  is  rendered  inoperative  by  the  previously 
effected  cross-pollination. ' ' 

In  some  few  cases,  as  indicated  by  Waldron'^*'  clover  is  self -fertilized. 
This  was  accomplished  in  some  cases  of  hand-rubbing. 

In  some  experiments  made  in  Ames  self-fertalization  was  accom- 
plished where  the  stigma  was  irritated.    This  work  is  being  continued. 

It  has  been  claimed  by  some  that  clover  is  fertilized  before  the  flow- 
ers open.  A  study  of  the  embryogeny  of  the  clover  indicates  that  such 
fertilization  does  not  occur.  In  no  case  did  we  find  that  the  egg-cell 
had  been  fertilized,  in  a  number  of  examinations  made. 

The  experiments  of  Kirchner  indicated  self -sterility.  Heads  en- 
closed under  glass  produced  no  seed.  Similar  tests,  with  the  same  re- 
sults, were  conducted  at  Ames. 

In  July,  1909,  Mr.  Lyle  Clapper,  covered  many  heads  of  first  crop 
clover;  later  495  of  these  heads  were  threshed  out;  no  seed  had  been 
produced.  During  the  last  week  in  June,  1909,  Miss  Ada  Hayden 
covered  a  large  number  of  heads  of  red  clover.  These  were  gathered 
in  August;  76  heads  were  threshed,  no  seeds  found.  Soil,  sandy  loam. 
During  the  middle  of  August  Miss  Hayden  covered  heads  of  second 
crop.  These  were  gathered  the  last  week  in  September  and  threshed; 
71  heads  produced  no  seeds;  one  head  contained  2  seeds.  Soil,  sandy 
loam. 

During  the  fall  of  1908  and  the  fall  of  1909,  many  collections  of 
ripened  clover  heads  from  different  parts  of  the  state  were  made  with 
the  object  of  determining,  if  possible,  some  relation  between  condi- 
tions of  season  and  soil  and  the  seed  production  of  the  clover.     These 


"L.  R.  "Waldron.    Wallace's  Farmer,  Oct.  21,  1910. 
"Origin  of  Species.  6  Ed.  75.     (Murray.) 
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collections  represented  both  early  and  late  crops,  and  were  gathered 
from  a  number  of  different  soils. 

The  range  of  averages  was  great  in  the  soil  groups,  both  seasons; 
no  definite  relationships  are  indicated  by  them.  It  does  not,  so  far, 
appear  that  rich  soils  produce  most  seed,  nor  the  reverse. 

For  first  crop,  the  collection  with  highest  average  is  for  Ames,  clay 
loam,  medium  elevation,  for  44  heads,  average  64.7  seeds;  the  collec- 
tion with  the  lowest  average  is  for  Ida  Grove  "black  loess,"  for  50 
lieads,  average  1.82  seeds. 

For  second  crop,  the  highest  average  is  for  the  collection  from  Al- 
gona  "town  lot,  deep  black  loam,"  28  heads,  average  80.4  seeds;  the 
collection  with  lowest  average  is  for  Harlan,  "black  river  bottom," 
clay  subsoil   (this  year's  seeding),  50  heads,  average  3.9  seeds. 

One  thousand  two  hundred  forty-two  heads  of  first  crop  clover  con- 
tained 32,285  seeds;  average  25.99  seeds;  701  heads  of  second  crop 
clover   contained   19,318   seeds;   average   27.55   seeds. 

A  count  was  made  of  200  heads,  first  crop,  normal  thrifty  plants; 
average  41.11  seeds;  also  of  200  heads  second  crop,  normal  thrifty 
plants,  average  43.72  seeds. 

In  both  the  above  sets  of  averages,  the  heads  of  second  crop  exceed 
those  of  first  crop  in  number  of  seeds. 


STUDIES  IN  VARIATION  OF  RED  CLOVER. 


BY  EDNA  C.  PAMMEL  AND  CLARISSA  CLARK, 

Variation  in  Trifolium  pratense  presents  many  interesting  problems, 
some  of  which  have  been  under  consideration  during  the  past  two 
seasons  by  the  contributors  to  this  paper. 

General  relationships  between  number  of  flowers  in  the  head,  and 
number  of  seeds  produced,  the  influence  of  soils,  and  seasons,  com- 
parative dimensions  of  the  'flowers,  and  of  pollen  grains,  were  the 
particular  features  studied. 

The  present  paper  records  thesis  work  of  Miss  Edna  Pammel  in 
determination  of  variation  in  number  of  flowers  in  the  heads  of  red 
clover,  from  four  different  soil  areas,  and  the  thesis  study  of  Miss 
Clark  in  variation  in  size  of  pollen  grains;  notes  are  included  from 
the  work  of  Miss  Emma  Wennholz  and  Miss  Vera  Mills  in  variation  in 
number  of  clover  flowers  in  heads  miscellaneously  collected,  and  from 
the  study  of  Miss  Mildred  Walls  upon  variation  in  length  of  flower 
(stamen  tube). 

Miss  C.  M.  King  rendered  much  assistance  in  arranging  the  ma- 
terials of  the  paper,  and  in  the  preparation  of  the  curves. 

A  STUDY  IN  VARIATION  IN  NUMBER  OF  FLOWERS  IN  HEADS 
OF  RED  CLOVER. 

Countings  were  made  from  first,  second  and  third  crop  clover 
on  three  different  kinds  of  soil,  alluvial,  black  loam,  and  black  loam 
underlaid  with  gravel.  All  material  was  gathered  in  in  the  vicinity 
of  Ames,  and  only  well  developed  heads  were  counted. 

Tbe  following  formulae  from  Davenport's  Statistical  Methods  have 
been  used  in  working  out  the  mean,  index  of  variability,  the  coefficient 
of  variability,  and  the  probable  error  in  each  case. 

n 

where  A^-mean  or  average,  m=sign  of  summation,  v ^magnitude  of  any  class,  f= 
frequency,  or  number  of  variates  in  that  class,  and  n=total  number  of  variates. 
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D=VM^') 


I 


.   X 


where  D=index  of  variability,  or  the  amount  the  group  as  a  whole  varies  from 
the  mean,  x=amount  of  the  deviation  of  any  class  from  the  mean,  f=number  of 
units  in  the  class  range,  or  in  the  present  calculation,  unity. 

C=  — .  100% 
a 

where  C=coefficient  of  variability.     The  100%    is  used  to  get  the  result  into 

more  convenient  form,  and  is  entirely  arbitrary. 


where  Ea=probable  error  of  the  mean. 


E.  =  -.  6745 


o 


where  Eo=the  probable  error  of  the  index  of  variability. 


-^4^r\Ml 


where  E<:=the  probable  error  of  the  coefficient  of  variability. 


CONSTANTS   FOR  BLACK  LOAM,   FIRST   CROP. 


n=85  Total  number  of  specimens. 

A=71.1764  Mean  average. 

5=21.7296  Index  of  variability. 

C=30.52%  Coefficient  of  variability. 

Ea=1.5897  Probable  error  of  mean. 

E5=1.1241  Probable  error  of  index. 

Ec=2.6018  Probable  error  of  coefficient. 


CONSTANTS   FOR  BLACK   LOAM,    SECOND   CROP. 

n=133  Ea=1.7343 

A=98.1127  E5=1.2263 

5=29.6532  Ec=2.179 


C=30.22% 


CONSTANTS  FOR  BLACK  LOAM  UNDERLAID  WITH  GRAVEL. 


n=394  Ea=98.57 

A=101.038  E5=.6969 

5=29.0086  Ec=1.205 
0=28.71 
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CONSTANTS  FOR  ALLUVIAL   SOIL,   THIRD   CROP. 

n=110  Ba=1.0075 

A=68.7363  E5=.7125 

3=15.6697  Ec=1.908 
C=22.79% 

Conclusions. 

From  the  foregoing  it  may  be  seen  that  the  second  crop  clover  has 
more  flowers  in  the  head  than  the  first  crop  clover,  and  that  black 
loam  underlaid  with  gravel  is  the  best  soil  for  the  production  of  red 
clover. 

COUNT  FOR  BLACK  LOAM FIRST  CROP. 

Magnitudes  35  36  37  38  39  40  41  42  44  45  46  47  48  49  50  51  52 

Frequencies  1  1  1  2  1  2  1  1  1  1  2  2  1  2  3  1  1 

Magnitudes  53  54  57  59  60  61  62  64  65  67  68  70  71  72  73  76 

Frequencies  1  1  2  2  2  2  2  2  1  3  1  4  2  2  1  2 

Magnitudes  77  79  80  82  83  84  89  92  95  97  98  99  100  102  103 

Frequencies  1  2  2  1  2  2  1  2  3  1  2  1   1   1   1 

Magnitudes  104  105  106  108  112  115  128  140 

Frequencies  1   1   1   1   1   1   1   1 

COUNT  FOR  BLACK  LOAM SECOND  CROP. 

Magnitudes   35  36  40  41  42  44  45  47  48  51  52  55  58  61  62  64  65 

Frequencies    1     12     1     1     1     1     1     1     1     1     3     2     1     1     1     1 

Magnitudes    66  67  68  69  70  71  72  73  75  76  78  79  80  81  83  84  85 

Frequencies  1     1     1     1     4     1     1     1     1     1     2     1     1     2     1     2     2 

Magnitudes    87  88  89  90  91  92  94  95  96  97  98  100  101  102  103  110 

Frequencies  23     123     2     42412       3       1       2       2       4 

Magnitudes  Ill  112  113  114  116  117  118  120  121  123  124  125  126  127 

Frequencies  5   4   4   5   3   2   1   2   3   1   1   1   1   1 

Magnitudes  128  132  134  135  136  137  140  147  148  150 

Frequencies  1   2   1   1   1   1   2   1   1   1 

COUNT   FOR    ALLUVIAL    SOIL — THIRD    CROP. 

Magnitudes  33  40  44  46  47  48  50  51  52  53  56  57  58  59  60  61 

Frequencies  1  1  2  1  1  1  4  4  4  4  5  1  1  1  1  5 

Magnitudes  62  63  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79 

Frequencies  3  2  2  2  1  1  1  5  1  1  1  1  5  2  3  3  2 

Magnitudes  80  81  82  83  84  85  86  87  88  91  92  94  95  97  98  99  103 

Frequencies  3  3  4  2  3  2  2  2  1  3  3  1  1  1  1  1  1 

Magnitudes  104  123 

Frequencies  1   1 

4 
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COUNT  FOB  BLACK  LOAM  WITH  GRAVEL — SECOND  CROP. 

Magnitudes  39  40  41  42  43  44  45  46  47  48  49  50  51  52  54  55  56 

Frequencies  1  1  1  1  1  1  1  2  2  1  3  5  3  2  4  2  8 

Magnitudes  .. ; 57  58  59  60  61  62  63  64  65  66  67  68  69  70  71  72  73 

Frequencies  2     44414218183435  10  14 

Magnitudes  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91 

Frequencies  6  6  3  3  2  9  4  14  1  5  2  8  2  6  5  6  4  4 

Magnitudes  92  93  94  95  97  99  100  101  102  104  105  106  107  108.109  112 

Frequencies  593462       7       5       3       8       4       9       3       4       5       3 

Magnitudes    113  115  118  119  120  121  122  123  124  125  126  127  128 

Frequencies    8       2       4       3       7       2       4       1       7       6       6       5       1 

Magnitudes   129  130  133  135  136  137  138  139  140  141  142  143  144 

Frequencies    2       1       3       2       6       4       4       1       2       2       2       2       4 

Magnitudes   145  146  148  161  162  170  171  176  183 

Frequencies    1       3       1       2       1       2       1       2       1 

An  additional  study  was  made*  in  the  fall  of  1910 ;  the  flowers  of  983 
heads  were  counted.  The  material  was  taken  from  various  soils,  and  lo- 
calities, in  the  neighborhood  of  Jefferson,  Iowa,  during  a  period  ex- 
tending from  June  to  September. 

According  to  the  results  of  this  study,  variation  of  clover  heads 
between  fifty-three  and  sixty-eight  flowers  each,  is  quite  irregular,  but 
from  sixty-eight  to  eighty-three  it  is  very  smooth;  in  fact  this  with 
small  breaks  at  eighty-three  and  again  at  eighty-eight,  reached  to  the 
central  mode  at  ninety-eight.  The  drop  on  the  other  hand,  is  much 
more  irregular. 

COUNT   FOR   FLOWERS   IN   HEADS   OF   RED   CLO\^R. 

Magnitudes    54,     59,  60,     61,  64,     65,     67,     68,     70,     71 

Frequencies    7,       4,  5,       3,  2,       1,     11,       4,     15,       1 

Magnitudes    72,     73,     74,     75,  76,     77,  78,     79,     80,     81,     82,     83 

Freuencies    6,       3,       2,     13,  16,       9,  8,     15,     17,       9,     30,       7 

Magnitudes    84,     85,     86,     87,  88,     89,  90,     91,     92,     93,     94,     95 

Frequencies    18,     25,     14,     24,  16,     15,  17,     40,     45,     32,     24,     32 

Magnitudes    96,     97,     98,     99,  100,  101,  102,  103,  104,  105,  106,  107 

Frequencies    22.     27,     24,     37,  25,     11,  16,     20,     36,     16,     22,     18 

Magnitudes    108,  109,  110,  111,  112,  113,  114,  115,  116,  117,  119,  120 

Frequencies    10,     28,     16,     30,  22,       1,  13,     21,       5,     21,       1,       9 

Magnitudes    121,  122,  123,  124,  125,  126,  128,  130,  131,  135,  136,  138 

Frequencies    8,       2,       3,       3,  9,       2,  2,       3,       2,       4,       3,       1 

The  range  extended  from  fifty-three  to  one  hundred  forty-two  flow- 
ers.    The  mean,  as  derived  from  the  frequencies  shown  is  90.44  flowers. 


^By  Miss  Wennholz  and  Miss  Mills. 
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For  the  curve  the  magnitudes  were  grouped  eighteen  classes,  each 
class  being  a  group  of  5  of  the  magnitudes.  The  mode  is  found  to  lie 
at  class  9   (the  magnitude  group  39-97  flowers). 

CONSTANTS. 


n=983 

Number  of  heads. 

A=90.44 

Average. 

5=15.72 

Index  of  variability. 

C=17.38 

Coefficient  of  variability. 

Ea=.502 

Probable  error  of  mean. 

E5=.354 

Probable  error  of  index. 

Ec=.0275196  Probable  error  of  coefficient. 

Class     1=  53— 

57 

flowers 

Class     2=  58— 

62 

flowers 

Class     3=  63— 

67 

flowers 

Class     4=  68— 

72 

flowers 

Class     5=  73— 

77 

flowers 

Class     6=  78— 

82 

flowers 

Class     7=  83— 

87 

flowers 

Class,    8=  88— 

92 

flowers 

Class     9=  93—  97  flowers. 

Class  10=  98—102  flowers. 

Class  11=103—107  flowers. 

Class  12=108—112  flowers. 

Class  13=113—117  flowers. 

Class  14=118—122  flowers. 

Class  15=123—127  flowers. 

Class  16=128 — 132  flowers. 

Class  17=133—137  flowers. 

Class  18=138—142  flowers. 

A  Study  of  the  Vari.vtion  in  Length  of  Flowers  (Stamen  Tubes) 
OP  the  Red  Clo\t:r.* 

A  large   collection  of   clover  heads  was  gathered   from   the   college 
campus;  and  from  these  493  flowers  were  selected  for  measurement. 

The  magnitudes  and  frequencies  observed  were  as  follows: 

Magnitudes 6     cm.,  .68  cm.,  .7     cm.,  .72  cm.,  .75  cm.,  .76  cm. 

Frequencies 1,  1,  6,  1,  3,  5, 

Magnitudes 77  cm.,  .78  cm.,  .79  cm.,  .8     cm.,  .81  cm.,  .83  cm. 

Frequencies 1,  3,  5,  9,  1,  1, 

Magnitudes 84  cm.,  .85  cm.,  .86  cm.,  .87  cm.,  .88  cm.,  .89  cm. 

Frequencies 16,  18,  25,  21,  43,  60, 

*From  a  study  by  Miss  Mildred  Walla. 
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Magnitudes 9     cm.,    .91  cm.,    .92  cm.,    .93  cm.,    .94  cm.,     .95  cm. 

Frequencies 87,         "     39,  49,  4,  17,  29, 

Magnitudes 96  cm.,    .97  cm.,    .98  cm.,    .99  cm.,    1.     cm. 

Frequencies 28  1,  7,  1,  5, 

Tlie  length  was  found  to  vary  from  .6  cm.  to  1.  cm.,  with  the  mode  at  Class 
10  (.88— .9). 

CONSTANTS. 

n=493  Number  of  flowers. 

A=.8918  Mean  length. 

S=.1494  Index  of  variability. 

C=.16751  Coefficient  of  variability. 
Ea=. 0045306  Probable  error  of  mean. 

E5=2.9524  Probable  error  of  index. 

Ec=. 041707  Probable  error  of  coefficient. 

For  use  in  plotting  a  curve  the  magnitudes  were  seriated  into  14 
classes,  each  class  a  group  of  three  magnitudes,  from  .6  cm.  to  1.02 
cm.,  supplying  ommissions  with  ciphers.  The  mode  lies  at  class  10 
(group  .88-.9  cm.)  it  is  quite  regular  and  not  wide,  and  is  abrupt  in 
the  direction  of  greater  dimension. 

The  magnitudes  are  seriated  into  classes  as  follows: 


Class 

1= 

.16— 

63  cm. 

Class 

2= 

.64— 

.66  cm. 

Class 

3= 

.67— 

.69  cm. 

Class 

4= 

.7  — 

.72  cm. 

Class 

5= 

.73— 

.75  cm. 

Class 

6= 

.76— 

.78  cm. 

Class 

7= 

.79— 

.78  cm. 

Class 

8= 

.82— 

.84  cm. 

Class 

9= 

.85— 

.87  cm. 

Class 

10= 

.88— 

.9  cm. 

Class 

11  = 

.91— 

.93  cm. 

Class 

12  = 

.94— 

.96  cm. 

Class 

13= 

.97— 

.99  cm. 

Class 

14=1.  — 

1.02  cm. 

Size  of  Pollen  Grains  of  Red  Clover. 

A  study  of  pollen  grains  was  made  from  red  clover  blossoms  gath- 
ered miscellaneously  at  Ames  in  October,  1910,  to  determine  variations 
in  width  and  length  of  grains.  Four  to  six  counts  were  made  from 
each  head.  Measurements  of  1,024  pollen  grains  were  made,  with  the 
micrometer  scale,  and  curves  constructed  using  units  of  this  scale; 
each  unit  represented  4:"^. 
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JIEASIREMEXTS    FOR    WIDTH    OF    POLLEN    GRAIN. 

Magnitudes    20^,     24/^,       28^,       32m,       36/tt,     40ai 

Frequencies    1,       23,         238,       594,       164,       8 

The  width  as  shown,  varied  from  207r — 40/x.  with  the  mode  at  327r. 

JIEASURE^IENTS  FOR  LENGTH  OF  POLLEN  GRAIN. 

Magnitudes     28^.  32/x.  36^,  40^,  44ai,  48m,  52m,  56m,  60m,  64m,  68m 

Frequencies    1,       1,       2,       1,       2,     14,  161,  548,  283,     14,       1 

The  length  varied  from  28m  to  68m,  with  the  mode  at  56m. 

CONSTANTS  FOR  MEASURE:\IENTS  OF  WIDTH   OF  POLLEN   GRAIN. 

n=1024.  Ea=.2448. 

A=31.7068.  E5=.1731. 

5=11.6156.  Ec=.6119. 
0=36.634%. 

CONSTANTS    FOR   MEASUREMENTS    OF   LENGTH    OF    POLLEN    GRAIN. 

n=1024.  Ea=.27052. 

A=56.1328.  E5=.198. 

5=13.32.  Ec=.3727. 

0=23.729. 

The  average  size  was  found  to  be  31. 7m  by  56.29m. 

Both  curves  exliibit  the  more  abrupt  side  in  the  direction  of  greater 
dimensions;  the  tendency  therefore,  so  far  as  indicated  by  this  study, 
is  toward  greater  width  and  length  of  pollen  grains. 
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AN  ECOLOGICAL  STUDY  OF  A  PRAIRIE  PROVINCE  IN 
CENTRAL  IOWA. 


BY    ADA    HAYDEN. 

(Abstract.) 

This  virgin  prairie  area  is  mostly  of  the  kame  hill,  saucer  type. 
One  portion  of  the  territory  is  probably  the  pre-Wisconsin  bed  of  the 
Des  Moines  river  whose  course  was  changed  by  the  ice  sheet.  The 
region  examined  in  detail  is  one  mile  in  radius  and  bordered  by  a 
woodland  adjacent  to  Skunk  river. 

The  purpose  of  the  study  was  (1)  to  determine  the  identity  of  the 
plants  and  their  locations,  (2)  to  examine  environmental  factors  with 
a  view  to  accounting  for  their  relative  influence  in  the  grouping  of 
the  plants.  Factors  obviously  common  to  the  various  associations  were 
not  considered.  Those  factors  concerning  which  data  were  taken  are: 
Topography,  drainage,  soil  type,  weather,  water  content  of  earth  at 
highland  and  lowland  stations,  comparative  temperature  studies  at  the 
same  stations  including  the  maximum  and  minimum  temperatures  of 
earth  and  air,  and  a  comparison  of  surface,  sub-surface  and  sub-soil 
earth  temperatures  with  those  of  the  air  at  these  stations. 

In  summarizing  results,  an  analysis  of  the  floral  distribution  of  the 
prairie  province  showed  the  following  grouping: 

I.  Upland  prairie 

Stipa — Bouteloua  formation. 
Consocies  Bouteloua 
Consocies  Stipa 

II.  Meadow  or  Wet  Prairie 

Panicum — Agrostis  formation 
Consocies  Phlox  maculata 
Consocies  Agrostis,  Steironema,  Lythrum 
Consocies  Panicum,  Fragraria,  Senecio 
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III.  Swamp 

Typha,  Juncus,  Penthorum  formation 
Consocies  Typha,  Juncus 
Consocies  Penthorum 
Consocies  Ludwigia,  Sparganium 
Consocies  Leersia 

IV.  Pond 

Ranunculus,  Sagittaria  formation 
Consocies  Ranunculus 
Consocies  Sagittaria 

Every  stable  formation  may  be  expressed  as  a  summary  of  its  ha- 
bitat conditions,  which  are  equal  to  the  number  of  its  associations. 

The  chief  causes  of  difference  in  associations  are  their  habitat  fea- 
tures which  are  not  common  factors. 

The  principal  factors  which  are  not  common  or  which  vary  in 
marked  degree  are  (1)  type  of  soil  and  (2)  water  content  of  habitat. 

Structure  of  soil  has  a  direct  bearing  on  water  content.  Water  con- 
tent depends  on  the  type  of  soil,  drainage,  and  rainfall. 

The  main  significance  of  temperature  variation  in  this  study  is  in 
its  application  to  the  production  of  societies  with  reference  to  seasonal 
aspects. 


NOTES  ON  IOWA  SAPROPHYTES. 


BY  THOMAS  H.   MACBRIDE. 

The  saprophytic  fungi  of  Iowa  have  been  very  slightly  studied. 
Owing  to  their  high  economic  importance  parasitic  forms  have  claimed 
almost  exclusively  the  attention  of  mycologists.  Pure  science,  how- 
ever, must  not  be  neglected.  Without  it  applied  science  is  impossible 
and  no  study  of  natural  objects  is  more  praiseworthy  than  that  which 
seeks  to  know  these  for  themselves  alone. 

Accordingly  I  venture  to  present  a  few  plants  this  morning  which 
have  no  interest  apart  from  the  fact  that  they  exist.  They  are  forms 
in  which  life  finds  expression;  that  is  all.  But  like  every  other  such 
form  these,  too,  represent  accomplishment,  a  response  in  one  way  other 
to  the  demands  of  the  environment.  That  so  many  different  answers 
can  be  given  to  apparently  identical  problems  is  sufficiently  interesting. 

The  plants  I  would  discuss  are  both  common  and  uncommon  types. 
The  first  two  species  mentioned  are  the  commonest  saprophytes  in 
Iowa;  those  discussed  later  are  more  rare. 

In  1879  Dr.  Peck  of  New  York  (Am.  Rep.  State  Botanist  of  N.  Y.) 
called  attention  to  the  fact  that  Daedalea  confragosa  Pers.  probably 
included  a  number  of  American  forms  described  by  Berkeley  and  others 
under  different  specific  if  not  generic  names.  Thus  the  species  named, 
evidently  in  New  York  passed  easily  into  the  following  forms: 

Lenzites  crataegi  Berk 
Lenzites  cookei  Berk 
Lenzites  proxima  Berk 
Lenzites  klotscliii  Berk 
Trametes  ruhescens  A.  &  S.,  etc. 

Dr.  Peck's  conclusions  have  been  abundantly  verified  by  collectors 
everywhere,  who  have  taken  trouble  to  assemble  collections  of  consid- 
erable extent;  nevertheless,  taken  by  themselves,  all  these  forms  as 
described  are  distinct  enough.  But  occasionally  from  what  is  evidently 
the  same  mycelium  two  or  three  of  these  species  or  genera  will  appear 
at  once.     The  favorite  habitat  is  dead  or  dying  birch  and  willow.     On 
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birch  the  genus  is  apt  to  seem  lenzitoid,  i.  e.,  with  distinct  lamellae; 
on  willow,  deedalioid,  trametoid,  or  even  polyporoid  characters  appear. 

At  any  rate  the  species  is  the  commonest  of  lignicolous  saprophytes 
in  Iowa,  easy  of  collection  and  preservation,  and  well  worthy  examina- 
tion and  study. 

Another  familiar  sporocarp  throughout  the  state  is  the  common 
bracket  fungus,  ^'Polyporus  applanatus  Pers."  so-called.  This  is  a  big 
shelf-like  fructification  sometimes  a  foot  or  two  in  diameter,  seen  at 
the  base  of  senescent  cottonwoods,  on  old  stumps  and  the  like. 

In  1885  Morgan  (Myc.  Flo.  Miami  Vail.)  separated  as  a  new  species 
P.  reniforms  smaller,  ferruginous  in  color,  and  inclined  to  be  of  one 
year's  duration  only.  Both  species  with  hard  woody  crust  are  now 
written  Fomes  and  not  Polyporus. 

The  descriptions  of  F.  applanatus  afforded  by  European  authors  are 
uncertain.  Persoon  says:  "Dilate,  quite  flat  on  both  sides;  pileus, 
tuberculose — rugose,  rusty  or  rusty  ashen;  pores  white  at  first,  then  of 
same  color  as  the  pileus."  Fries  adds:  "Obsoletely  zonate,  pulveru- 
lent or  glabrous,  from  cinnamon  becoming  ashen,  the  cuticle  crus- 
taceous,  rigid  but  at  length  fragile;  pores  brown  when  rubbed." 

^lorgan's  P.  reniformis  is  evidently  P.  applanatus  of  Persoon  and 
Fr.  Mr.  C.  G.  Lloyd,  who  has  compared  specimens  in  the  herbaria  of 
Europe,  is  certain  this  is  the  case. 

In  1885,  Montagne  described  specimens  sent  him  by  Sullivant  from 
Ohio:  ''  P.  leucophaeus :  dimidiate  pileus  very  large,  corky  woody, 
convexo-plane,  tuberculate-nodose,  smooth,  at  length  concentrically 
furrowed,  crustaceous,  shiny,  from  milky  white  becoming  ashen,  with 
obscure  tracings  of  clustered  lines:  pores  first  white  then  brown,  the 
mouth  and  inside  of  the  tubules  white. ' ' 

Montague's  descriptions  have  been  long  ignored,  but  it  is  becoming 
more  and  more  evident  that  they  must  be  taken  into  account.  We  have 
here  in  Iowa,  and  probably  throughout  the  Mississippi  valley  both 
phases  of  this  remarkable  plant.  Old  and  weathered  specimens  are 
sometimes  hard  to  distinguish  but  the  forming  individuals  are  well 
marked.  F.  applanatus  is,  on  the  whole  smaller,  more  frequent  on  oak, 
cinnamon  brown  above,  white  or  anon  pale  yellow  below,  with  the  edge 
to  correspond.  The  upper  surface  seems  to  be  covered  during  develop- 
ment with  abundant  free  cells,  (conidia?),^  brown  and  dry,  dispersed 
in  all  directions  even  to  some  distance  as  the  sporocarp  matures.  F. 
leucophaeus  is  larger  every  way,  up  to  40  cm.,  of  rapid  growth  and 
commonest  on  cottonwood;  marked  by  comparatively  few  concentric 
furrows,  with  a  white  tumid  edge.     Both  species  become  brown  below 


IOWA  ACADEMY  OF  SCIENCE  59 

where  the  hymenial  surface  is  scratched  or  bruised.  Both  forms  grow 
for  successive  years,  becoming  stratified;  both  are  highly  geotropic  as 
described  by  Montague,  changing  the  direction  of  the  fructification  to 
correspond  to  any  accidental  change  of  horizon. 

Nearly  related  to  the  above  species  is  a  curious  dark  brown  Forties 
found  sometimes  at  the  base  of  currant  bushes,  perhaps  subsisting  on 
the  wood  of  the  constantly  drying  shoots,  perhaps  half-parasitic,  but 
at  least  confined  apparently  to  one  habitat.  This  species  is  Fomes  rihis 
(Schum.)  Fr.  It  resembles  in  color  and  texture  F.  applanatus  Pers., 
but  is  smaller,  more  delicate,  with  sharp  edge  and  somewhat  softer  con- 
text. The  species  is  said  to  be  common  in  Europe  on  the  base  of  cur- 
rant bushes,  but  I  have  found  it  but  once,  in  my  own  garden  at  Iowa 
City. 

The  remaining  fungi  to  be  at  this  time  presented  belong  to  the  gas- 
teromycetes;  they  are  puff-balls.  Of  these  the  most  beautiful  forms  are 
the  geasters,  earth  stars,  and  I  beg  to  call  attention  to  a  single  species. 

Geaster  marginatus  is  the  name  applied  to  a  delicate  little  form  de- 
scribed by  Vittadini  from  northern  Italy  in  1842.  Vittadini  character- 
ized his  species  by  the  presence  of  a  peculiar  slender  groove  surrounding 
the  peristome  of  the  elongate,  ovate  inner  peridium.  Schweinitz  mean- 
time had  described  from  the  Carolinas  an  elegant  little  geaster  under 
the  name  of  Geaster  minimus  Schw.  Under  some  juniper  trees  in  Scott 
county  a  few  years  since,  the  writer  discovered  a  colony  of  elegant 
earth-stars  which  are  evidently  closely  related  to  both  the  species  named. 
G.  Minimus  Schw.  is  the  Italian  form  minus  the  peristomatic  groove,  and 
with  nearly  spherical  peridium :  the  latest  discovered  specimens  have 
the  size  and  form  of  G.  marginatus  but  have  no  groove.  For  this  Iowa 
type  the  name  G.  junipcrinus  n.  s.  is  proposed.  Since  opportunity  for 
appropriate  illustration  is  not  afforded  our  editor,  full  description  with 
figures  of  this  species  will  appear  presently  in  Mycologia. 

Lastly,  in  Iowa  occur  two  species  of  the  greater  puff-balls:  Calvatia 
hovista  (L.)  Macbr.  and  Calvatia  pachydermata  (Pk.)  Morg.  The  former 
is  the  common  giant  puff-ball  of  the  northern  world.  Of  this  species  the 
writer  has  encountered  three  colonies  in  a  collecting  experience  of 
thirty-five  years.  He  has,  however,  lately  succeeded  in  establishing  the 
mycelium  upon  his  private  grounds  and  crops  of  sporocarps  are  now 
expected  at  possibly  shorter  intervals. 

C.  pachydermata  (Pk.),  however,  is  a  western,  shall  we  sa}^  desert  spe- 
cies. The  type  was  sent  to  Dr.  Peck  from  Arizona.  The  species  has 
been  reported  from  the  dry  plains  of  Dakota,  and  I  have  taken  it  twice 
in  Iowa,  once  in  a  peculiar  dry,  sandy  phytographic  region  in  Musca- 


60  IOWA  ACADEMY   OF  SCIENCE 

tine  comity,  and  once  during  the  year  1910  in  Audubon  county,  not  far 
from  the  Missouri  river.  The  recently  taken  specimen  is  the  largest 
puff-ball  so  far  reported  in  this  part  of  the  world,  being  22  inches  in 
diameter.  It  is  entirely  unlike  the  common  giant  puff-ball;  in  color, 
being  at  maturity  a  rich  seal-brown;  in  its  peridia,  the  outer  breaking 
up  naturally  into  somewhat  regular  scales,  an  inch  or  more  in  diameter ; 
in  texture,  being  much  more  dense,  the  capillitium  firm  to  the  touch 
and  giving  to  the  entire  fructification  a  persistence  that  is  truly  re- 
markable. In  short,  the  last-named  puff-ball  is  certainly  the  finest 
thing  of  its  kind,  is  rare  and  should  be  watched  for  and  prized  by  all 
collectors. 


THE  FLOWERS  OF  MYRIOPYHYLLUM  SPICATUM  L. 


BY  N.   D.   KNUPP. 

The  Myrtales  comprise  one  of  the  highest  orders  of  the  Archichla- 
mydeae.  They  are  characterized  by  the  adhesion  of  calyx  and  recep- 
tacle, usually  epigynous,  always  cyclic,  with  a  definite  number  of  parts 
in  each  whorl.  The  order  is  an  important  tropical  one,  and  furnishes 
many  products  of  commercial  value.  More  recently  the  group  has  at- 
tracted widespread  attention  as  it  contains  the  genus  Oenothera  with 
which  De  Vries  worked  out  his  mutation  theory. 

]\Iyriophyllum  falls  in  a  subdivision  of  this  order,  the  Haloragi- 
daceae,  a  small  family  of  aquatic  and  marsh  plants.  There  is  an 
added  interest  in  this  family  on  account  of  its  belonging  to  that  as- 
semblage of  land  plants  which  have  adapted  themselves  to  an  aquatic 
habitat.  It  was  primarily  on  this  account  that  this  study  was  under- 
taken. 

To  Dr.  R.  B.  Wylie,  under  whose  direction  and  guidance  this  work 
was  carried  on,  I  feel  greatly  indebted  for  his  encouragement  and  as- 
sistance. My  thanks  are  also  due  Professor  Maebride  for  his  helpful 
interest  and  numerous  courtesies. 

Methods. 

The  material  for  this  study  was  collected  during  the  summers  of 
1909  and  1910  at  the  Iowa  Lakeside  Laboratory  on  Lake  Okoboji.  It 
was  killed  in  1%  chromo-acetic  acid  and  preserved  in  70%  alcohol. 
Later  it  was  embedded  in  paraffin  and  serial  sections  cut  on  the  micro- 
tome from  6  to  13  microms  in  thickness.  The  stains  used  were  Dela- 
field's  Haematoxylin,  Iron-alum  Haematoxylin,  and  Flemming's  Triple 
stain. 

MyriophyUum  spicatum  L.  is  an  aquatic  seed  plant,  living  com- 
pletely submersed  during  its  vegetative  existence,  only  the  flowers  ap- 
pearing above  the  surface  of  the  water.  It  grows  very  abundantly  in 
some  of  the  bays  and  shallower  parts  of  Lake  Okoboji.  A  small  bay 
of  about  10  acres  near  the  Lakeside  Laboratory,  ranging  in  depth  from 
3  to  10  feet,  was  practically  filled  with  aquatic  plants,  a  large  proper- 
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tion  of  these  was  the  species  in  question.  The  plants  seem  to  thrive 
best  in  water  from  4  to  6  feet  deep,  yet  in  a  little  cut-off  bay  where  the 
water  was  from  6  to  18  inches  in  depth  and  usually  much  warmer  than 
that  of  the  general  body  of  the  lake,  they  were  growing,  flowering,  and 
fruiting  luxuriantly.  Here,  too,  they  blossomed  and  fruited  about  two 
weeks  earlier  than  those  in  the  larger  body  of  water. 

In  the  summer  of  1909,  the  first  flowers  were  found  July  8th,  and 
the  height  of  the  season  was  reached  near  the  end  of  July.  The  next 
year  they  were  fully  three  weeks  earlier  in  their  time  of  blossoming. 
This  Avas  probably  due  to  the  fact  that  the  early  spring  of  1910  was  very 
warm  which  started  these  plants  growing  vigorously,  and  the  cold 
weather  which  came  during  the  latter  part  of  April,  checking  for  a  long 
time  the  growth  of  land  plants,  did  not  proportionately  affect  these  sub- 
mersed forms. 

The  plants  live  rooted  in  mud  at  tlie  bottom  of  a  shallow  lake  or 
pond,  and  send  their  long,  slender  stems  upward.  The  plants  are  much 
too  weak  to  support  their  own  weight  in  air,  but  are  buoyed  up  readily 
by  the  water,  as  the  stems  have  large  air-chambers  extending  from  node 
to  node.  In  cross  section,  the  stem  resembles  a  wagon-wheel ;  a  central 
area  of  tissue  suggests  the  hub,  a  peripheral  zone,  the  rim,  with  radiating 
spoke-like  structures  between.  The  spaces  between  the  spokes  are  air- 
chambers,  wliich  together  make  up  one-half  the  volume  of  the  stem.  The 
vascular  bundles,  as  is  common  with  submersed  plants,  are  very  small 
and  inconspicuous.  The  cortex  is  delicate  without  any  apparent  thick- 
enings and  without  cutinized  walls.  During  the  months  of  June  and 
July,  the  tips  of  the  plants  become  emergent  from  the  water,  and  these 
bear  the  spikes  of  flowers.  The  young  flowers  are  formed  beneath  the 
water  in  a  very  close  head  or  spike,  and  as  they  emerge,  the  spike  elong- 
ates by  the  lengthening  of  the  internodes. 

Floral  Development. 

The  infloresence  of  this  species  is  a  terminal,  naked,  interrupted  spike, 
bearing  from  40  to  60  flowers  in  whorls  of  four,  or  rarely  five.  Each 
whorl  is  rotated  through  45°  from  the  adjoining  one,  thus  producing  the 
spiral  arrangement  so  clearly  seen  in  the  young  spike  before  elongation. 

Each  flower  is  borne  nearly  sessile  in  the  axil  of  a  strong  bract,  while 
two  smaller  but  heavy  bracts  bound  the  flower  on  the  sides  (Figs.  2,  15). 
These  three  bracts  entirely  enclose  and  protect  the  young  flower,  opening 
gradually  as  the  spike  elongates  and  the  flowers  develop  (Fig.  1). 

Generally  the  flowers  are  functionally  monosporangiate,  though  rudi- 
ments of  the  suppressed  parts  are  present.     The  upper  flowers  of  the 
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spike  are  commonly  staminate,  and  the  lower  usually  pistillate.  There 
is  generally  an  abrupt  change  from  one  kind  of  flower  to  the  other  (Fig. 
6),  but  the  variation,  however,  in  this  respect  is  very  great,  and  perfect 
or  neutral  flowers  may  be  found  between.  Sometimes,  on  the  other 
hand,  the  entire  spike  is  either  staminate  or  pistillate,  i.  e.  dioecious. 
Often  there  is  a  gradual  transition  from  one  kind  of  flower  to  the  other, 
though  perfect  flowers  in  this  species  are  not  common. 

The  developing  spike  resembles  very  closely  the  tip  of  a  vegetative 
branch.  Each  consists  of  a  number  of  very  short  internodes  and  nodes 
bearing  the  leaves  and  bracts,  in  the  axils  of  which  the  buds  develop. 
The  flower  bud  may  easily  be  distinguished  from  that  of  the  vegetative 
bud  by  its  greater  lateral  development,  resulting  in  a  comparative  thick- 
ness. Then,  too,  the  origin  of  the  lateral  members  of  the  flower  is  near 
the  broad  tip,  while  in  the  vegetative  shoot,  they  arise  back  a  consider- 
able distance  from  the  growing  point. 

The  lobes  of  the  sepals  are  the  first  members  of  the  flower  to  be  devel- 
oped (Figs.  7,  8).  These  are  four  in  number  and  arise  near  the  tip  of 
the  broad  growing  point.  Their  growth  is  checked  very  early  and  they 
never  become  more  than  one  or  two  mm.  in  length.  This  rudimentary 
or  dwarfed  condition  of  the  sepals  is  probably  due  to  the  fact  that  they 
are  no  longer  needed  for  protection,  as  the  developing  flower  is  entirely 
enclosed  by  the  three  heavy  bracts. 

Next  after  the  sepals  comes  the  inner  row  of  stamens  (Figs.  9  to  11). 
These  appear  as  broad  elevations  just  inside  and  opposite  the  sepals.  The 
stamens  of  the  outer  whorl  alternate  with  those  of  the  inner  and  arise 
soon  after  the  inception  of  the  first  whorl.  These  eight  stamens  make 
a  rapid  growth  and  appear  very  vigorous,  especially  in  t^ie  staminate 
flowers. 

The  four  petals  are  next  to  develop  (Fig.  10).  These  alternate  with 
the  sepals  and  are  thus  opposite  the  outer  whorl  of  stamens.  They  grow 
rapidly  from  the  start,  and  before  the  stamens  are  half  grown,  they  have 
reached  the  top  and  soon  overlap  one  another  at  the  apex  of  the  flower 
(Figs.  13,  14).  The  petals  are  free  and  imbricated.  Eichler^  states 
that  they  are  convolute,  often  absent  in  the  pistillate  flower,  or  else  so 
small  that  they  do  not  touch  one  another.  In  this  species,  I  find  they 
are  imbricated,  always  present  in  ])oth  kinds  of  flowers,  and  always  over- 
lapping. 

The  carpels  are  the  latest  to  develop.  They  alternate  with  the  inner 
row  of  stamens.  Arising  as  small  protuberances  near  the  center  of  the 
flower,  they  soon  begin  each  an  infolding  toward  the  center  of  the  axis. 


1.     Eichler,  A.  W.,  Bluthendiagramme.  Zweiter  theil,  Leipzig,  1878.  pp.  463-464. 
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This  produces  the  four  ovarian  cavities,  which  are  completed  by  the 
fusion  of  the  folds. 

Within  each  chamber  two  ovules  arise,  one  from  either  edge  of  the 
fold;  they  are  thus  foliar  in  origin  (Figs.  18,  20).  The  ovules  seem  to 
start  simultaneously  and  the  pair  may  be  seen  growing  side  by  side,  with 
equal  vigor.  Up  to  this  point,  the  two  kinds  of  'flowers  have  the  same 
history,  but  here  they  diverge,  and  must  be  taken  up  separately. 

The  Pistillate  Flower. 

These  flowers,  as  stated,  occupy  the  lower  portion  of  the  spike,  and  are 
the  first  to  develop.  They  may  be  first  distinguished  from  the  staminate 
flower  by  the  earlj'-  checking  of  the  stamens,  which  takes  place  about  the 
time  the  carpels  begin  to  develop.  The  carpels,  in  contrast,  make  a 
rather  rapid  growth.  The  stigmas  are  broad,  occupying  the  entire  top 
of  the  carpels,  and  clothed  with  a  mat  of  glandular  hairs  consisting  of 
4  to  8  cells  each  (Fig  3.).  GrayV  new  manual  gives  as  one  of  the  char- 
acterstics  of  this  genus  "stigma  recurved."  That  certainly  would  not 
apply  to  this  species  in  which  the  stigma  is  practically  sessile  and  uni- 
formly covers  the  broad,  rounded  carpel. 

As  the  two  ovules  of  each  carpel  develop,  a  vigorous  competition  en- 
sues, due,  no  doubt,  to  a  lack  of  space  for  both.  One  ovule  gains  the 
dominance  while  the  other  aborts.  This  competition  must  be  very  keen 
when  the  ovules  arise  simultaneously,  and  occasionally  two  of  nearly  the 
same  size  are  seen  about  the  time  the  integuments  begin  to  develop, 
crowded  tightly  in  the  chamber  (Fig.  15).  No  instance,  however,  was 
observed  in  which  one  did  not  abort  by  the  time  the  integuments  had 
begun  to  develop,  and  no  case  was  seen  in  which  both  aborted.  Thus 
each  carpel  produces  but  one  mature  ovule  (Fig.  22).  The  developing 
ovule  grows  first  downward  (Figs.  18-20),  then  turns  inward  toward 
the  floral  axis  as  the  integuments  bud  out  (Fig.  22),  and  finally  turns 
upward  becoming  entirely  anatropous  by  the  time  the  integuments  close 
together  over  the  nucellus  (Fig.  3). 

Eight  persistent  staminodia  are  generally  found.  These  are  better 
developed  in  the  upper  pistillate  flowers  and  more  rudimentary  in  the 
lower.  In  some  of  the  lowest  flowers  of  the  spike  no  trace  of  the  rudi- 
ments was  found.  In  others,  only  the  inner  four  Were  to  be  seen,  the 
outer  whorl  having  been  entirely  suppressed.  In  others,  though  not 
suppressed,  they  arise  later  than  their  usual  order,  sometimes  after  the 
petals  or  even  after  the  carpels.     When  both  cycles  of  staminodia  are 


2.     Gray's  New  Manual  of  Botany,  Seventh  Edition.     1908. 
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present,  the  members  of  the  outer  cycle  are  always  smaller  than  those 
of  the  inner.  Figures  20  and  21,  being  sectional  drawings  of  the  same 
flower,  illustrate  this  point  well;  figure  20  is  the  outer  stamen  opposite 
the  petal  and  figure  21,  the  inner  one,  opposite  the  sepal. 

The  outer  cycle  of  stamens  is  thus  unusual  in  several  respects:  first, 
its  members  are  opposite  the  adjacent  petals,  which  interferes  with  the 
normal  alternatiton  of  the  parts;  second,  it  is  often  entirely  svippressed 
while  the  inner  whorl  of  staminodia  is  well  developed;  and  third,  when 
both  whorls  are  present,  the  outer  one  is  always  more  rudimentary  than 
the  inner.  In  regard  to  the  explanation  of  the  first  of  these,  a  number 
of  theories  have  been  proposed  in  an  attempt  to  bring  this  obdiplos- 
temonous  arrangement  into  harmony  w^th  the  normal  alternation  of  the 
parts.  According  to  Braun^  a  row  of  leaves  which  he  regarded  as  the 
inner  corolla  has  disappeared  between  the  outer  stamens  and  the  petals, 
and  the  rudiments  of  these  lost  parts  could  sometimes  be  seen  in  abnor- 
mal flowers,  as  well  as  in  the  five  glands  w^hich  in  a  geranium  flower 
next  succeed  and  alternate  with  the  petals.  Payer  and  Sachs*  have 
adopted  the  hypothesis  of  St.  Hilaire  which  assumes  that  the  epipetalous 
Ktnmens  belong  to  the  eorolline  whorl  through  the  transverse  splitting 
of  the  latter.  More  recently  the  hypothesis  of  Celakowsky'^  regards  the 
epipetalous  stamens  as  really  the  inner  or  second  circle,  which,  in  the 
course  of  development  has  become  external  by  displacement.  These,  in 
general  are  the  three  main  theories  of  which  there  are  many  modifica- 
tions. In  the  species  under  consideration  there  is  no  possible  chance, 
it  seems,  of  applying  either  the  first  or  the  third  of  these,  for  there  is  no 
evidence  whatever  of  a  circle  being  lost,  or  that  there  has  been  a  dis- 
]>la('ement  of  circles.  Both  the  arrangement  and  the  fact  that  the 
stamens  as  well  as  the  staminodia  of  the  outer  whorl  are  smaller  than 
those  of  the  inner,  and  also  that  they  are  the  first  to  abort,  might  suggest 
that  the  outer  are  younger,  phylogenetically,  than  the  inner.  In  the 
opinion  of  the  writer,  all  these  irregularities  may  be  explained  by  some 
theory  of  interpolation. 

The  Staminate  Flower. 

Tlie  staminate  flowers  are  early  characterized  by  the  vigoi-ous  growth 
of  tlie  stamens.  Here,  as  in  the  pistillate  flower,  the  inner  stamens  arise 
first,  grow  larger,  and  mature  earlier  than  the  outer   (Fig.  15).     The 

3.  Gray's  Structural  Botany.     1879.    p.  199. 

4.  Goebel  K.,  Outlines  of  Classification  and  Special  Morphology.     1887,  p.  418. 

5.  Celakovsky.  Uber  den  "eingeschalteten"  epipetalen  Staubgefasskreis.  Flora 
58.  p.  481  ff.,  1875. 
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filament  is  very  short  while  the  anther  is  long  and  introrse  (Fig.  4). 
The  four  microsporagia  which  develop  within  the  anther  are  almost 
radially  symmetrical  with  respect  to  its  axis.  During  the  development 
of  the  pollen  the  two  sporangia  of  each  half  of  the  anther  unite  by  the 
breaking  down  of  the  sterile  tissue  between,  forming  two  pollen-sacs. 
At  maturity  the  spores  are  shed  by  the  longtitudinal  dehiscence  of  the 
fused  sporangia.  The  petals  are  larger  in  the  staminate  than  in  the 
pistillate  flowers,  necessitated  by  the  greater  length  of  the  flower.  They 
also  persist  longer  than  the  petals  of  the  pistillate  flowers,  and  remain 
closed  tightly  over  the  stamens  until  the  pollen  matures  (Fig.  4). 

Each  staminate  flower  bears  four  rudimentary  carpels.  These  vary 
in  size  and  development  similarly  to  the  staminodia  of  the  pistillate 
flower,  but  in  the  opposite  direction,  the  best  developed  carpels  being 
found  near  the  center  of  the  spike  next  to  the  pistillate  flowers  and  be- 
coming more  and  more  rudimentary  toward  the  tip,  where  they  may  be 
entirely  suppressed.  Two  ovules  arise  in  each  (Fig  14)  rudimentary 
carpel.  Competition  sets  in  early,  checking  one,  while  the  other 
developes  to  about  the  spore  mother  cell  stage.  At  this  time  the  integu- 
ments are  partly  formed  and  the  ovule  has  turned  at  right  angles  in 
the  progress  toward  the  anatropous  condition. 

Summary  and  Discussion. 

We  have  seen  that  the  spike  of  Myriophylhmi  spicatum  L.  has  stamin- 
ate flowers  aboA^e  and  pistillate  below,  with  occasionally  a  few  perfect 
flowers  in  the  center.  Apparently,  there  is  an  abrupt  shift  from  one 
kind  of  flower  to  the  other.  This  study,  however,  reveals  a-  gradual 
transition  in  structure  from  one  end  of  the  spike  to  the  other,  rudiments 
of  the  non-functional  parts  being  present  in  every  degree  of  reduction. 
"We  have  thus  a  complete  gradation  from  monosporangiate  flowers  of 
both  kinds,  without  a  trace  of  the  aborted  parts,  to  perfect  flowers. 
The  uppermost  are  stariiinate  with  only  a  suggestion  of  a  pistil.  Be- 
low this,  the  pistils  of  the  pollen  bearing  flowers  become  increasingly 
prominent  toward  the  center  of  the  spike,  and  of  course  function  in  the 
perfect  and  pistillate  flowers  below.  Similarly,  among  the  pistillate 
flowers,  there  is  a  corresponding  series  of  staminodia.  The  uppermost 
of  these  are  but  little  smaller  than  the  true  stamens;  lower  flowers  may 
have  but  four,  and  these  further  reduced ;  while  at  the  base  of  the  spike 
no  trace  of  stamens  may  be  found. 

Evidently  this  species  is  in  a  process  of  floral  transition.  Either,  it 
is  changing  from  perfect  to  monosporangiate,  or  else  from  monospor- 
angiate to  perfect  flowers.     We  may  discard  the  latter  supposition  with- 
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out  further  consideration,  since  it  is  unthinkable  that  these  rudimentary 
parts  are  present  in  anticipation  of  a  bisporangiate  condition.  Assum- 
ing, then,  that  the  rudimentary  structures  are  the  vistages  of  once  func- 
tional organs,  we  must  assume  for  these  plants  an  ancestry  with  perfect 
flowers.    Why,  then,  are  they  shifting  to  the  monosiDorangiate  condition? 

This  species  has,  no  doubt,  made  the  shift  from  land  to  water  quite 
recently.  This  transition  must  always  be  accompanied  by  great  changes 
in  the  structures  and  habits  of  a  plant.  Vegetatively,  Myriophyllum 
has  solved  this  problem  and  adjusted  itself  admirably  to  its  new  environ- 
ment, as  is  true  of  many  other  aquatic  plants.  But  the  problem  of  repro- 
duction by  seeds  seems  to  present  more  serious  difficulties,  and  it  is 
probable  that  the  change  from  perfect  to  monosporangiate  flowers  may 
be  an  attempt  on  the  part  of  this  plant  to  favor  its  pollination.  A  few 
aquatic  plants,  such  as  Ceratopkylhim  demersum  L.^  have  developed 
structures  whereby  pollination  may  take  place  underneath  the  surface 
of  the  water.  On  the  other  hand,  the  great  majority  of  aquatic  seed 
plants  must  bring  their  flowers  to  the  surface  for  pollination.  A  few 
such  plants,  as  the  potamogetons,  have  perfect  flowers,  but  there  seems 
to  be  a  strong  tendency  toward  the  separation  of  the  flowers  in  such 
habitats.  ZannicJiellia  and  Zostera  are  monosporangiate  and  monoe- 
cious, while  Elodea,  Vallisneria,  Najas,  and  other  aquatic  seed  plants, 
have  gone  a  step  further  and  are  monosporangiate  and  dioecious.  In 
some  of  these,  the  shift  from  perfect  flowers  has  been  made  quite  rec- 
ently. Wylie'  in  his  study  of  Elodea  caudeoisis  ]\Iiehx,  has  come  to 
this  conclusion  in  regard  to  that  plant,  as  he  finds  rudiments  of  the  sup- 
pressed parts  always  present.  No  doubt  such  rudiments  are  more  com- 
mon than  now  recognized  among  the  other  genera.  Thus,  there  seems 
to  be  a  broad  tendency  toward  the  monosporangiate  habit  among  these 
water  plants.  IMyriophyllum  may  be  considered  in  line  with  this  ten- 
dency, though  the  advantages  of  the  habit  to  this  species  are  not  clear. 
Since  the  order  of  inflorescence  is  acropetal  and  the  pistillate  flowers 
open  before  the  pollen  of  the  same  spike  matures,  self-pollination  would 
be  ruled  out.  Long  continued  study  of  this  plant  afforded  no  evidence 
of  insect  pollination.  The  separation  of  the  spikes,  and  their  slight  ele- 
vation above  the  water  would  not  especially  favor  wind  pollination.  It 
may  be,  however,  that  floating  pollen,  driven  by  the  wind,  plays  an  im- 
portant part,  in  which  ease,  there  would  be  a  decided  advantage  in  hav- 


6.  Strasburger.  E.  Ein  Beitrag  zur  Kenntniss  von  Ceratophyllum  submersum 
und  Phylogenetische  Erorterungen.    .lahrb.  Wiss.  Bot.  ?>7:477-52G,  1902. 

7.  Wylie,  R.  B.     The  Morphology  of  Elodea  canadensis.     Bot.  Gazette  37;   1- 
22,  1904. 
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ing  the  pistillate  flowers  at  the  lower  end  of  the  spike.  Also  the  pro- 
duction of  seeds  at  the  lower,  rather  than  at  the  upper  end  of  the  spike, 
would  favor  both  their  nutrition  and  protection.  There  are,  thus,  ap- 
parent advantages  in  the  separation  of  the  flowers  of  Myriophyllum 
spicaimn,  this  monoecism  doubtless  favoring  both  cross  pollination  and 
seed  production.  Finally  the  occasional  separation  of  the  flowers  on 
different  plants  would  suggest  a  probable  tendency  toward  dioeeism  in 
this  form,  in  which  case  all  the  advantages  of  monoecism  would  be  con- 
served, w4th  the  added  advantage  that  self-pollination  could  never  occur. 

Explanation  of  Plates  I-IV. 

All  figures  were  made  with  Spencer  camera  lucida  with  the  exception 
of  the  floral  diagram  in  Plate  II.  Original  drawings  were  reduced  one- 
half  in  reproduction.  The  figures  of  Plates  1,  3,  and  4  were  made  with  • 
Spencer  16  mm.  objective  and  8  ocular.  Figures  2  and  3  were  made 
with  Bausch  and  Lomb  li/o  inch  objective  and  4  ocular.  Figure  4  was 
made  with  Bausch  and  Lomb  4  inch  objective  and  4  ocular.  The  orig- 
inal magnifications  in  diameters  were  approximately  as  follows:  Fig.  1, 
160;  Figs.  3  and  4,  90;  Fig.  5,  50;  Figs.  6-22.  160. 

The  abbreviations  employed  in  describing  figures  are  as  follows:  a, 
air  chamber;  b,  large  bract;  bb,  lateral  bract;  f,  flower;  is,  stamen  of 
inner  whorl ;  o  s,  stamen  of  outer  whorl ;  o,  ovule ;  pe,  petal ;  pi.  pistil ; 
s,  stamen;  se,  sepal;  st,  stigma. 


Plate  I. 


iLo^jDi-cL 


Plate  IV. — Flowers  of  M.  Spicatum 
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PLATE    I. 

Fig.  1.       Longitudinal  section  of  young  spike. 

PLATE    II. 

Fig.  2.       Floral  diagram. 

Fig.  3.       Mature  pistillate  flower  in  longitudinal  section. 
Fig.  4.      Mature  staminate  flower  in  longitudinal  section. 
Fig.  5.      Longitudinal  section  of  spike,  showing  two  adjacent  flowers,  tlie  up- 
per pistillate,  the  lower  staminate. 

PLATE  III. 

Young  flowers  in  axils  of  developing  bracts. 

Sepals  beginning  to  appear. 

Stamens  appearing  as  broad  elevations. 

Older  stage. 

Petals  opposite  the  outer  whorl  of  stamens. 

Later  stage  of  staminate  flower. 

Staminate  flower  at  stage  pistils  begin  development. 

Inner  whorl  of  stamens,  opposite  calyx. 

Cross  section  of  flower  about  same  stage  as  Fig.  13. 

Older  staminate  flower. 

PLATE  IV. 

Pistillate  flower  showing  the  beginning  of  the  ovules. 
'Later  stage  showing  sepals  and  rudimentary  calycine  stamens. 
Two  developing  ovules  filling  the  ovarian  cavity. 
Pistillate  flower  showing  the  two  lateral  bracts. 
Figs.  20-21.     Part  drawings  of  one  flower  to  show  difference  in  size  between 

the  outer,  epipetalous,  and  the  inner,  episepalous,  staminodia. 
Fig.  22.    Later  stage  of  pistillate  flower. 
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NITROGEN  IN  RAIN  AND  SNOW. 


BY  NICHOLAS  KNIGHT, 

Shutt,  Chemical  News,  December  10,  1909,  determined  the  nitrogen 
in  the  rain  and  snow  that  fell  near  Ottawa,  Canada,  during  a  portion  of 
the  year  1906  and  1907.  It  occurred  to  us  it  might  be  interesting  and 
profitable  to  study  the  precipitations  of  Mount  Vernon,  Iowa.  .The  in- 
vestigation was  begun  on  January  12,  1910,  and  was  continued  for  one 
year  with  the  exception  of  the  months  of  May,  June,  July  and  August. 
These  were  extremely  dry  months  and  we  regret  very  much  not  to  have 
been  able  to  secure  a  sample  of  the  heavy  rainfall  which  broke  the  long 
drought,  during  the  latter  part  of  August. 

There  were  in  all  seventeen  samples  collected,  nine  of  snow  and  eight 
of  rain.  A  foot  of  snow  was  upon  the  ground  from  which  the  first 
sample  was  taken.  With  this  exception  samples  were  collected  during 
the  precipitation. 

Both  rain  and  snow  were  collected  in  a  large  pan,  twenty  inches  in 
diameter,  either  upon  the  top  of  a  college  building  or  upon  the  ground  on 
the  open  campus.  Concordant  results  were  obtained  from  both  localities. 
The  college  is  located  upon  a  hill  southwest  of  the  village  of  seventeen 
hundred  inhabitants.  The  samples  were  thus  considered  quite  free  from 
contamination.  We  computed  the  weight  of  one  inch  of  rainfall  upon  an 
acre  to  be  226,875  pounds.  Then,  if  the  rainfall  should  be  one  inch, 
and  should  contain  .02  free  ammonia  per  million,  the  weight  multiplied 
by  .02  and  the  product  by  14-17  would  express  the  nitrogen  in  pounds. 

The  nitrogen  exists  in  free  ammonia,  albuminoid  ammonia,  nitrates 
and  nitrites.  The  nitrogen  in  the  two  last  was  not  determined  separate- 
ly, but  together.  It  was  reduced  to  ammonia  with  nascent  hydrogen 
and  the  amount  of  ammonia  obtained  was  also  multiplied  by  the  frac- 
tion 14-17.  We  found  the  least  amount  of  nitrogen  in  the  albuminoid 
,'immonia,  the  most  in  the  nitrates  and  nitrites,  and  in  the  free  ammonia 
between  the  two.  The  nitrogen  in  the  nitrites  and  nitrates  is  the  most 
available  form  for  plant  food  and  the  amount  is  doubtless  dependent  on 
the  frequency  and  duration  of  thunderstorms. 
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The  snowfall  during  the  period  mentioned  was  41.75  inches,  equiva- 
lent to  4.17  inches  of  rain,  and  the  rainfall  was  2.64  inches.  The  free 
ammonia  averages  1.52  parts  and  the  albuminoid  ammonia  1.17  parts 
per  million  for  the  snow.  The  free  ammonia  is  3.08  parts  and  the  al- 
buminoid ammonia  1.25  parts  per  million  in  the  rain.  Thus  it  is  seen 
that  the  free  ammonia  is  greater  in  rain  than  in  snow,  while  the  albumi- 
noid ammonia  is  approximately  the  same  in  both.  In  the  nitrites  and 
nitrates  we  found  the  average  in  the  rain  to  be  3.45  parts  per  million 
and  6.04  parts  per  million  in  the  snow.  This  suggests  the  value  of  heavy 
snows  to  the  soil  in  supplying  it  with  plant  food.  Another  interesting 
fact  is  the  large  amount  of  free  ammonia  in  the  rain  of  April  5  which 
was  13.3  parts  per  million.  This  is  no  doubt  owing  to  the  fact  that 
from  February  26th  to  April  5th  there  was  no  precipitation.  The  rain 
continuing  the  following  day,  there  were  only  two  parts  per  million. 
It  was  found  that  the  amount  of  nitrogen  in  the  various  compounds 
varied  directly  with  the  lapse  of  time  between  the  precipitations.  The 
question  might  arise  in  regard  to  the  amount  of  nitrogen  which  may  be 
deposited  in  the  dew.  The  total  number  of  pounds  of  nitrogen  per  acre 
as  shown  in  Table  II  is  13.7132.  The  amount  would  probably  vary 
greatly  in  different  localities,  and  in  the  different  seasons.  The  entire 
precipitation  from  January  1st  to  June  10th  was  equivalent  to  6.81 
inches  of  rain.  This  was  very  light  for  the  period  covered.  A  normal 
precipitation  for  this  section  is  10  to  15  inches. 


Date  Rain 


January  1-12 

January  13 

January  26 

Fetiruary  20 

February  22 

February  26 25 

March  

April  5 1 

April  6 5 

April  15 25 

April  16 

April  22 25 

April  23 12 

September  22 5 

October   20 75 

November    4 

December  2 

December  9 


TABLE  No 

.   1 

^ATION  IN  INCHES               PARTS  PER  MILLION 

Snow 

In  Free 

Alb.  Amm. 

Nitrates 

Ammonia 

Nitrates 

12 

.20 

.112 

14.15 

12 

.28 

.16 

9.93 

2 

2.8 

1.4 

3.75 

2 

2. 

1. 

4.73 

21/2 

2. 

2. 

1.85 

.04 

.04 

2.84 

4 

13.6 

2. 

7.74 

2. 

1. 

2.67 

1. 

2. 

2.67 

4 

.4 

.28 

4.58 

2.8 

.2 

2.67 

.4 

.4 

4.48 

.8 

.4 

1.58 

4. 

4. 

3.70 

ly* 

.16 

.32 

2.64 

2 

1.86 

2.66 

10.69 

31/2 

4. 

2.66 

2.09 
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TABLE  No.  2 


PRECIPITATION  IN  INCHES 


POUND  OF  NITROGEN  PER  ACRE 


Date 


Rain 


January    1-12.... 

January  13 

January  26 

February  20 

February  22 

February  26 25 

April  5 1 

April  6 5 

April  15 25 

April  16 

April  22 25 

April  23 12 

September  22 5 

October  20 75 

November   4 

December  2 

December  9 

Total 


Snow      In  Albuminoid    In  Free      Nitrates 
Ammonia      Ammonia     Nitrates 


Total 


12 

.0273 

.0448 

3.8522 

3.9243 

12 

.0358 

.0627 

2.7124 

2.8109 

2 

.0532 

.1046 

.1701 

.3270 

2 

.0373 

.0747 

.2146 

.3266 

25 

.0934 

.0934 

.1049 

.2917 

.0018 

.0018 

.0161 

.0197 

.0373 

.2541 

.4156 

.7070 

.0934 

.1868 

.3026 

.5828 

.0934 

.0467 

.1516 

.2919 

4 

.0209 

.0298 

.4156 

.4663 

.0934 

.1307 

.1514 

.3755 

.0089 

.0089 

.1270 

.6448 

.0373 

.0747 

.1792 

.2912 

.5604 

.5604 

.6294 

.7502 

121/2 

.0074 

.0037 

.0746 

.0857 

.2 

.0994 

.0695 

.4850 

.6539 

3.5 

.1989 

.2989 

.1659 

.6637 

1.4986 


2.0462 


10.1684 


13.7132 


Our  thanks  are  due  Mr.  Neil  T.  Lutes  for  doing  the  experimental  work 
of  this  paper. 


GLACIATED     ROCK     SURFACES     NEAR    LINN     AND     NEAR 

QUARRY,  IOWA,  WITH  A  TABLE  OF  THE  BEARINGS 

OF  GLACIAL  STRIAE  IN  IOWA. 


BY  W.  H.  NORTON. 

Linn  is  a  junction  of  the  Chicago,  Rock  Island  and  Pacific  Railway, 
situated  four  miles  northwest  of  Cedar  Rapids.  About  one  mile  west 
of  this  station  a  rock  cut,  formerly  used  by  the  Chicago,  Milwaukee  and 
St.  Paul  Railway,  scarps  the  bluffs  bordering  the  Cedar  River.  At  the 
extreme  north  end  of  the  cut,  14  feet  above  the  trackway,  and  about  75 
feet  above  the  level  of  the  river,  there  is  exposed  by  the  retreat  of  a  cover 
of  yellow  till  and  loess  a  surface  of  less  than  two  feet  square,  developed 
on  glaciated  limestone  belonging  to  the  Acervularia  davidsoni  zone  of  the 
Cedar  Valley  stage  of  the  Devonian.  Although  rubbed  down  to  a  fair  de- 
gree of  smoothness  the  rock  was  not  planed  level  and  retains  something  of 
an  original  convexity.  An  initial  depression  an  inch  in  depth  and  four 
inches  wide  crossing  the  surface  from  northwest  to  southeast  is  not  com- 
pletely smoothed,  and  the  northwest  side  of  the  hollow  is  less  distinctly 
glaciated  than  the  opposite.  The  surface  of  the  knob  is  covered  with 
shallow  striae  of  varying  bearings.  On  the  south  side  they  bear  (cor- 
rected) S.  79°  E.  On  the  center  and  north  they  bear  S.  84°  E  and  E  4° 
N  some  striae  reaching  E.  14°  N.  The  west  side  of  the  knob  is  well  rubbed 
and  is  evidently  the  stoss.  The  south  shoulder  is  not  planed.  It  is 
worthy  of  notice  that  the  striae  are  aligned  with  the  trend  of  the  valley 
of  the  Cedar  river  which  here  changes  its  course  from  east-southeast  to 
south-southwe?t. 

In  the  spring  of  1910  my  attention  was  called  by  the  Division  Super- 
intendent of  the  Chicago  and  Northwestern  Railway  to  an  exceptionally 
large  glaciated  surface  exposed  by  recent  stripping  at  the  company's 
quarries  one  and  one-quarter  miles  northeast  of  the  station  quarry  in 
INIarshall  county.  The  surface  exposed  measured  about  75  feet  in  width 
and  275  feet  in  length.  Over  the  entire  space  the  level  rock  floor  of  the 
oolitic  limestone  of  the  Kinderhook  had  been  smoothed  and  scored  with 
close-set  parallel  striae.  Little  if  any  plucking  had  been  done,  and  no 
knobs  had  been  left  above  the  general  level.     The  only  depressions  noted 
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were  shallow,  and  these  surrounded  pipes  opened  by  ground  water  along 
joint  planes.  Here  the  granular  limestone  was  slightly  decayed  and  re- 
sistant crystalline  shells  of  brachiopods  were  left  in  relief.  These  de- 
pressions may  be  assumed  to  be  post-glacial,  since  any  preglacial  hollows 
as  shallow  as  these  would  have  been  scoured  as  clean  of  all  decayed  rock 
as  are  the  surrounding  levels. 

Over  all  this  exceptionally  large  area  only  one  set  of  striae  was 
developed.  None  were  noted  which  deviated  more  than  one  or  two 
degrees  from  the  uniform  bearing  of  S.  22°  E.  ) corrected).  Besides  the 
striae  shallow  grooves,  some  reaching  a  width  of  three  quarters  of  an 
inch  are  not  uncommon.  One  of  these  grooves  measured  18  feet  in 
length. 

The  movement  of  the  ice  was  clearly  to  the  southeast.  The  area  is 
demarked  on  the  northwest  by  a  steep  ravine.  Here  are  found  stoss 
abrasion  surfaces  rising  to  the  general  level  from  one  and  one-half  feet 
below  it.  Small  cavities  show  on  the  southeast  side  the  characteristic 
rounding  of  the  edge,  while  the  northwest  side  retains  the  initial  profile. 
Many  examples  of  chatter  marks  were  noted  which  were  concave  to  the 
southeast. 

A  number  of  boulders  lay  on  the  glaciated  surface.  The  largest,  four 
feet  in  diameter,  of  gray  granite,  was  glaciated  on  one  side.  Two  others 
were  distinctly  faceted  and  scored.  One,  of  reddish  gneiss,  and  strongly 
unequiaxed,  (its  diameter  being  5,  1%  and  II/2  feet)  lay  with  its  long 
axis  parallel  with  the  strife  of  the  glaciated  area. 
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Locality 

Bearing,  Corrected 

Authority 

Northeastern   Iowa — 

Johnson    County: 

*Clear  Creek 

S62°E                

Calvin 

*Hutchinson  Quarry,  Iowa  City. 
Marshall  County: 
LeGrand 

S62°E        

Webster 

S24°B 

Beyer 
Beyer 
Beyer 

Timber  Creek 

S25°B                  

Sec.  S,  Timber  Creek  Twp 

S20°E        -  - 

S22°B;      S23°- 
and  S35°— 64 

S79°B— E14°N 

S67°E    

-47°E; 
=W    ... 

Linn  County: 

Linn  Junction,  1  mile  west 

Southeastern    Iowa — 
Washington   County: 

Eckles  Quarry,  Crooked  Creek.. 

^Brighton 

Norton 

S4°E  and  S6°B   

Main  set  S64°B 

S70°E    

Bain 

Des  Moines  County: 

^Kingston        

Fultz 

Kingston  one-half  mile  from  pre- 

Fultz 

*BurlinPton  2  miles  north 

S15°B                    ... 

White 

*Burlington,  North  Hill 

*Burlington,  North  Hill 

Burlington,  Flint  Creek  Bluff... 

S65°B 

Leverett 

S63°E    

Keyes 
Fultz 

S73°B    

Burlington,     Flint    Creek    Bluff, 
one-eighth  mile  distant   

Burlington,    Court   and    Prospect 
streets    

S33°B            

Fultz 

S72°W     

Leverett  &  Fultz 

*West  Burlington               

S75°E                

FuUz 

West   Burlington        

W-E       

Leverett 

Wapello  County: 
Eddyville    

S42°B  and  S70' 
S53°E    

B   .... 

Northwestern    Iowa — 
Lyon  County: 

Keyes 
Shimek 

Two  miles  east  of  nw  corner... 
Jefferson  County: 

Sec    2o    Penn  Twp       

S30°— 40°E  and  S10°— 
15°E                         .  .  .  . 

S75'W  and   S35°'E.... 

si°w               

Udden 

Southwestern  Iowa — 
Decatur  County: 
Pot  Hole   Creek 

Fitzpatrick 
Udden 

Mills  County: 

Heaton   i/^  mile  south 

S7°W  and  S50° 
S2.5°W— S34°W 
S14°W,  S12°W 
S10°E  and  S41^ 
N-S.  S2°W,  S3° 
S2.5°E— S50°E 
S3°W— S12°W. 
S5°W,  S30°W  . 

W 

E-S6°E. 

Sees.  10  and  1.5,  Lyons  Twp 

Sec.  22,  Glenwood  Twp 

TTdden 
Udden 

*Pacific  Junction,  5  miles  south. . 
*Pacific  Junction,  5  miles  south.  . 
*Paciflc  Junction,  5  miles  south. . 
*Pacific  Junction  4  miles  south 

White 
Todd 
Todd 
Todd 

*Pacific  Junction  3%,  miles  south 

Todd 

In  the  al)ove  table  the  localities  starred  are  those  listed  by  Keyes  in  a 
table  of  glacial  scorings  in  Iowa,  Iowa  Geological  Survey,  Vol.  Ill,  Des 
6 
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Moines,  1895.  At  this  time  the  areal  work  of  the  Iowa  Geological  Sur- 
vey had  hardly  been  begun.  Reports  on  but  two  counties  had  been  pub- 
lished. The  judgment  of  Keyes  expressed  in  the  paper  cited  that  "the 
apparent  rareness  heretofore  of  glacial  striations  in  Iowa  is  manifestly 
due  not  so  much  to  an  absence  of  ice  action  as  it  is  to  a  lack  of  careful 
observation  and  examination,"  may  well  have  been  accepted  by  the 
entire  staff  of  the  survey  and  they  may  have  entered  upon  their  work 
with  confident  expectation  that  a  thorough  search  would  multiply  many 
fold  the  discovered  autographs  written  by  pleistocene  glaciers  upon  the 
rocks  of  Iowa. 

During  the  sixteen  years  which  have  elapsed  since  the  publication  of 
Keyes'  paper,  the  areal  survey  of  the  state  has  been  in  progress  and  is 
now  well  nigh  completed.  Thousands  of  quarries  and  outcrops  have 
been  examined  but  the  list  of  glacial  scorings  complete  to  date,  so  far  as 
the  writer  is  able  to  ascertain,  remains  a  meagre  one.  Only  eleven  new 
localities  have  been  added  to  the  eight  of  Keyes'  paper,  and  several  of 
these  are  either  in  the  same  district  or  adjoin  localities  reported  by 
Keyes. 

The  rarity  of  glacial  scorings  in  Iowa  is  therefore  not  merely  appar- 
ent. It  is  real.  Giving  all  due  weight  to  "the  illusory  effects  due  to 
lack  of  observation  on  account  of  deep  drift  covering,"  it  still  remains 
that  ice-scorings  are  relatively  rare  in  Iowa.  Indeed,  it  is  largely  due 
to  the  covering  of  till  that  the  list  of  scorings  is  as  large  as  it  is,  for  it 
is  only  the  cover  of  impervious  clays  which  has  prevented  post  glacial 
obliteration. 

From  the  fact  that  careful  search  has  found  glaciated  rock  surfaces  in 
but  ten  counties  of  the  state,  we  may  infer  that  the  pleistocene  ice  sheets 
which  so  strongly  scoured  the  rocks  of  more  northern  areas  here  did 
little  abrasive  work.  The  deep  residual  clays  which  covered  the  state 
with  a  ' '  terra  rossa ' '  in  late  Tertiary  times  were  partially  but  not  wholly 
scraped  away.  Remnants  may  now  be  found  in  almost  any  quarry 
resting  on  rock  surfaces  more  or  less  decayed  and  pitted  by  the  solvent 
action  of  descending  ground  waters.  That  the  larger  part  of  this  decay 
is  preglacial  may  be  inferred  from  the  thickness  of  the  weathered  zone 
of  the  rock,  from  the  size  of  solution  pipes,  from  the  depth  of  geest  occa- 
sionally found,  and  from  the  close  similarity  of  these  diagnostic  features 
to  the  phenomena  of  weathering  to  be  observed  in  the  driftless  area. 
Still  surer  evidence  of  preglacial  rock-decay  is  found  in  sections  show- 
ing masses  of  partially  decayed  rock  with  the  geest  still  in  place  upon 
them  which  have  been  plucked  and  are  now  found  imbedded  in  till. 
Iowa  appears  to  have  been  an  area  of  glacial  deposition  rather  than  an 
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area  of  glacial  erosion.  It  is  a  part  of  that  wide  glacial  delta  which  may 
be  compared  with  a  continental  delta,  such  as  that  which  fronts  our  At- 
lantic coast.  The  Nebraskan  ice  apparently  overrode  the  rocks  of  Iowa 
in  the  manner  of  a  sled  and  not  as  rasp  or  pick,  to  use  Chamberlin's 
vivid  metaphors.  And  the  later  ice  invasions  not  only  failed  for  the 
most  part  to  remove  the  ground  moraines  of  earlier  ice  sheets,  but  they 
also  added  to  the  pile  imbricating  deposits  of  their  own. 

Addenda.  In  the  discussion  of  the  above  paper  attention  was  called  by 
Professor  H.  S.  Conard  and  by  Dr.  S.  W.  Beyer  to  the  fact  that  at  Quarry 
recent  stripping  had  uncovered  another  glaciated  area,  and  that  here  the 
scorings  bore  to  the  southwest.  The  locality  was  revisited  by  the  writer  in 
the  summer  of  1911.  The  area  described  was  then  being  rapidly  cut 
away  by  quarrying  operations.  But  beyond  the  narrow  ravine  which 
bounds  it  on  the  northwest,  there  were  found  exposed  two  additional 
glaciated  areas,  separated  from  each  other  by  a  narrow  ravine.  Here 
the  rock  surface  was  considerably  more  decayed,  and  the  glaciation  less 
complete  than  on  the  area  described,  but  many  patches  of 
sound  rock  were  covered  with  well  defined  striae.  On  the  middle  area 
the  striae  have  the  same  general  bearing  as  those  of  the  southeastern  area. 
ITere  a  reading  of  S.  39°  E.  was  noted.  But  on  the  northwestern  area 
two  distinct  glaciations  were  to  be  seen,  each  occupying  its  own  field. 
On  the  inner  side,  that  to  the  northeast,  the  southeast  glaciation  was 
found  along  a  narrow  strip  about  700  feet  in  length,  which  further 
stripping  may  widen.  Here  bearings  of  S.  47°  E.,  S.  44°  E.,  and  S.  23° 
E.  were  observed.  The  larger  part  of  the  area  is  occupied  by  patches 
of  striae  bearing  to  the  southwest.  Even  on  surface  of  one  or  two  feet 
square  these  maj^  diverge  as  much  as  the  following:  S.  64°  W.,  S.  53° 
W.  and  S.  46°  AY.  Other  striae  whose  bearings  were  taken  had  the  com- 
pass directions  of  S.  35°  W.  and  S.  41°  "W.  The  striae  farthest  to  the 
north  bore  S.  31°  AV.  -The  two  sets  of  striae,  that  of  the  southeast  and 
that  of  the  southwest  glaciation,  approached  in  places  as  near  as  10  or 
20  feet  to  each  other,  but  in  only  one  or  two  doubtful  cases  was  any 
superposition  noted. 

Since  the  meeting  of  the  Academy  Professor  B.  Shimek  has  generously 
phiced  at  the  disposal  of  the  writer  his  notes  on  an  area  of  glacial  striae  in 
northwestern  Iowa,  the  locality  being  situated  two  miles  east  of  the  north- 
western corner  of  the  state.  The  scorings  are  developed  upon  the  surface 
of  the  Sioux  quartzite  The  prevailing  direction  of  the  striae  is  N.  30°-40'' 
\V.  Other  crossing  striae  bear  N.  10°-15°  W.  A  groove  eighteen  inches 
;i cross  bears  N.  45°  AV.  and  in  this  lay  a  light  granite  bowlder,  fitting  the 
ui-oove  to  a  nicety,  but  too  much  decayed  to  show  planings  or  striae. 


SOME  FEATURES  OF  THE  BERING  RIVER  COAL  FIELD, 
ALASKA.* 


BY  G.  F.   KAY. 
INTRODUCTION. 

The  Bering  River  coal  field  lies  a  few  miles  inland  from  the  north 
shore  of  Controller  Bay,  an  indentation  of  the  Pacific  coast  about  1,200 
miles  from  Seattle.  In  this  field  are  the  Cunningham  claims  which 
were  given  much  publicity  in  connection  with  the  Pinchot-Ballinger 
controversy.  Much  of  the  coal  area  is  within  the  drainage  basin  of 
the  Bering  River  (Fig.  1).  To  the  north  of  the  field  is  the  Martin  River 
glacier,  with  the  lofty,  snowcapped  Chugach  range  of  mountains  beyond ; 
to  the  east  of  the  field,  and  extending  for  many  miles,  is  the  Bering  Piel- 
mont  glacier. 

The  coal  field  is  accessible  by  launch  and  small  boat  from  the  village 
of  Katalla,  a  calling  port  for  passenger  steamships.  From  Seattle  to 
Katalla,  by  way  of  the  "inside  passage,"  is  a  voyage  of  seven  or  eight 
days;  to  Cordova,  by  the  "outside  passage,"  and  thence  to  Katalla,  is  a 
voyage  of  about  five  days. 

No  railroad  has  yet  been  built  into  the  coal  field,  although  several 
surveys  have  been  made,  and  some  construction  work  has  been  done. 
Until  a  raiload  has  been  completed  and  shipment  has  been  made  possible 
from  the  coast,  the  field  will  remain  undeveloped.  The  chief  difficulty 
in  providing  transportation  facilities  is  the  lack  of  good  harbors  on  Con- 
troller Bay  and  adjacent  parts  of  the  coast.  The  waters  are  shallow  and 
the  coast  storm  swept.  Many  thousand  of  dollars  have  already  been 
expended  in  an  endeavor  to  form  sheltered  harbors,  but  it  can  scarcely 
be  said  that  the  efforts,  thus  far,  have  been  successful.  However,  a 
deep  water  channel,  extending  into  Controller  Bay  and  protected  by 
islands  from  the  ocean  storms  has  recently  been  mapped  by  the  Coast 
Survey.  It  would  seem  from  present  evidence  that,  when  a  thorough 
knowledge  of  the  coast  has  been  obtained,  the  difficulties  of  securing 
suitable  harbors  will  not  be  insurmountable. 


'Sometimes  named  the  Controller  Bay  Field  or  the  Katalla  Field. 
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Fig.  I.     Some  Features  Bering  River  Coal. 


The  Copper  River  and  Northwestern  Railway  Company,  which  has  a 
railroad  running  northward  into  the  interior  from  the  splendid  harbor 
of  Cordova,  has  surveyed  a  branch  line  from  this  road  to  Katalla  and 
thence  to  the  coal  field.  The  distance  from  the  coal  field  to  Cordova  by 
this  route  is  about  90  miles.  Another  route  has  been  surveyed  from  the 
main  line  to  the  coal  field  by  way  of  Charlotte  Lake.  By  this  route,  the 
distance  to  Cordova  is  only  about  60  miles. 

The  area  within  which  coal  has  been  found  extends  in  a  southwest 
northeast  direction  from  Bering  Lake  to  beyond  Slope  glacier,  a  dis- 
tance of  more  than  twenty  miles.  The  width  of  the  known  coal  forma- 
tion is,  in  the  northeastern  part,  more  than  five  miles,  but  the  average 
of  the  iield  is  considerably  less. 

The  chief  areas  applied  for  in  this  field  include  the  following:  Con- 
troller Bay  group,  Pittsburg  group,  Toungstown  group,  Rathbone  and 
Aurora  groups.  Pacific  Coal  and  Oil  Company  group  or  English  Com- 
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pany  group,  Cunningham  group,  Chezum  group,  Wardell  group,  Hart- 
line  group,  Alaska  Petroleum  and  Oil  Company  group  or  Davis  group, 
Willoughby  group,  the  claims  of  the  Portland  Alaska  Anthracite  Coal 
Company,  the  Alaska  Anthracite  Coal  Company,  the  McKenzie  Anthra- 
cite Coal  Company,  the  Carbon  Mountain  Anthracite  Coal  Company,  and 
the  Alaska  Hard  Anthracite  Coal  Company. 

Almost  all  the  field  was  located  prior  to  November,  1906,  at  which 
time  these  coal  lands  were  withdrawn  from  entry  by  the  government. 
According  to  law  each  entry  of  160  acres  must  have  been  made  by  an 
individual,  or,  at  most,  640  acres  by  four  individuals  and  in  the  inter- 
ests of  the  entrymen.  By  an  act  of  1908,  entries  made  in  good  faith 
under  the  previous  law  were  allowed  to  be  consolidated  into  single  hold- 
ings not  exceeding  2,560  acres  of  contiguous  land.  Many  of  the  claim- 
ants have  done  considerable  development  work,  have  had  their  lands 
surveyed,  have  paid  in  ten  dollars  an  acre  to  the  government  which  is 
the  requirement  by  law,  and  are  now  awaiting  their  patents. 

The  chief  literature  which  has  appeared  on  the  Bering  River  field  has 
been  published  in  bulletins  of  the  United  States  Geological  Survey.  A 
complete  list  of  the  articles  which  have  been  written  by  members  of  the 
survey  and  by  others  may  be  found  in  the  bibliography  of  Bulletin  No. 
442  of  the  survey  by  Dr.  A.  H.  Brooks.  Of  all  the  published  reports 
that  by  Dr.  G.  C.  Martin  in  Bulletin  No.  335,  entitled  "Geology  and 
jMineral  Resources  of  the  Controller  Bay  Region,"  is  the  most  exhaust- 
ive. Accompanying  this  report  are  very  satisfactory  geologic  and  topo- 
graphic maps.  In  an  article  by  George  W.  Evans  in  the  March,  1910, 
issue  of  Mines  and  Minerals,  and  also  in  an  article  by  L.  W.  Storm  in 
the  Engineering  and  Mining  Journal.  Vol.  90,  page  273,  may  be  found 
maps  showing  the  surveyed  railway  lines  and  the  names  and  locations 
of  the  groups  of  claims  which  have  been  applied  for  in  this  field.  A 
good  Coast  and  Geodetic  Survey  chart  of  Controller  Bay  and  adjacent 
parts  of  the  coast  is  Chart  No.  8513. 

The  Geography  op  the  Region. 

The  topography  of  the  area  embraced  by  the  known  coal  outcrops  is 
rugged  for  a  region  of  moderate  relief.  The  elevations  vary  from  a  few 
feet  above  sea  level  at  Bering  Lake  to  somewhat  more  than  4,000  feet  at 
the  northeastern  end  of  the  field.  The  general  trend  of  the  ridges  and 
mountains  is  northeast  and  southwest.  A  striking  physiographic  feature 
is  the  presence  of  broad  valleys  filled  with  alluvium  and  now  occupied 
by  comparatively  small  streams,  except  in  times  of  flood.     The  numerous 
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small  valleys  are  V-shaped,  often  canyon  like;  the  slopes  from  the 
divides  are  usually  steep  and  broken  by  many  gulches. 

The  largest  stream  is  Bering  River,  which  takes  its  rise  in  the  lakes  at 
the  margin  of  Bering  glacier.  Its  chief  tributaries  receive  their  waters 
from  the  abundant  rainfall  and  from  the  melting  snows  of  Martin  Eiver 
glacier  and  its  lobes.  The  tributary  Canyon  Creek,  flows  from  beneath 
the  margin  of  the  glacier;  Stillwater  and  She,pherd  creeks  drain  lakes 
Kushtaka  and  Charlotte  respectively.  Both  of  these  lakes  are  of  glacial 
origin. 

The  precipitation  of  the  region  is  probably  in  excess  of  130  inches 
annually.  The  snowfall  is  very  heavy.  Above  an  elevation  of  1,500 
feet  considerable  snow  is  present  even  during  the  summer  months. 

The  climate  is  not  severe,  the  coldest  weather  recorded  being  2°  F. 
above  zero.  The  average  winter  temperature  is  about  freezing  point, 
the  average  summer  temperature  between  50°  and  55°  F. 

The  slopes  are  usually  timbered  with  spruce  and  hemlock  to  an  eleva- 
tion of  more  than  1,000  feet. 

The  Geology  of  the  Region. 

The  chief  rocks  of  the  coal  field  consist  of  indurated  sediments  of 
Tertiary  age,  and  of  unconsolidated  stream  deposits,  abandoned  beaches, 
and  morainal  material  of  Quarternary  age.  Associated  with  the  Ter- 
tiary sediments  in  the  northeastern  part  of  the  fields  are  narrow  dikes 
and  sills  of  diabase  and  basalt,  which  are  either  Tertiary  or  post-Ter- 
tiary in  age.  The  morainal  deposits  extend  only  a  few  miles  beyond 
the  present  limits  of  glaciation. 

The  Tertiary  sediments  have  been  divided  by  Dr.  IMartin  into  three 
formations,  the  StillM^ater,  the  Kushtaka,  and  the  Tokun.  The  Still- 
water is  the  oldest  formation  and  consists  chiefly  of  sandstone  and  shale 
with  a  thickness  of  about  1,000  feet.  The  Kushtaka  overlies  the  Stillwater 
conformbly  and  is  that  part  o  fthe  Tertiary  which  contains  the  beds  of 
coal.  It  has  a  thickness  of  about  2,000  feet,  made  up  of  coarse  arkose,  sand- 
stone, shale,  and  beds  of  coal.  Complete  sections  of  the  formation  are 
not  well  exposed,  and  hence  the  number  of  seams  of  coal  is  not  well 
known.  The  evidence  suggests  more  than  a  dozen  seams  varying  in 
thickness  from  6  inches  to  more  than  35  feet.  The  Tokun  formation 
overlies  the  Kushtaka  conformably,  and  consists  of  about  2,500  feet, 
chiefly  of  sandy  shales,  but  containing  also,  sandstone  and  a  subordinate 
amount  of  limestone.  All  the  evidence  thus  far  found  indicates  that 
the  Stillwater  formation  is  marine,  the  Kushtaka  non-marine  and  the 
Tokun  marine. 
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The  Structure  of  the  Coalfield. 

The  structure  of  the  rocks  of  the  coal  fieid  is,  in  general,  monoclinal, 
the  most  prevalent  strike  being  northeast;  the  dips  are  usually  steep  to 
the  northwest.  The  main  topographic  features  of  the  region  have  a 
general  northeast-southwest  trend  and  are  related,  in  a  broad  way,  to 
the  structure.  But  detailed  study  of  small  areas  within  the  field  em- 
phasizes very  clearly  that  the  structure  is  much  more  complex  than  is 
indicated  by  a  general  study  of  the  field.  This  complexity  is  due  to 
folding,  to  faulting,  and,  in  the  northeastern  part  of  the  field,  to  asso- 
ciated igneous  rocks.  Apart  from  a  few  well  defined  lines  of  faulting 
with  northeasterly  and  southwesterly  trend,  there  are  many  small  faults 
running  in  vairous  directions.  ^Moreover,  within  small  areas  in  the 
field  the  srtikes  and  dips  are  aften  irregular.  The  rocks  are  frequently 
very  much  broken  and  jointed,  and  slickensided  surfaces,  especially  in 
the  coal,  are  common. 

The  complex  structure  was  produced  liy  the  intense  crustal  move- 
ments to  which  the  rocks  were  subjected  during  late  Tertiary  or  post 
Tertiary  time.  Recent  subsidence  of  the  region  is  indicated  by  the 
presence  of  alluvial  deposits,  in  places  several  hundreds  of  feet  in  thick- 
ness, in  the  broad  valleys  now  occupied  by  comparatively  small  streams. 

The  Coal. 

The  coal  beds  are  restricted  to  the  Kushtaka  formation,  which  has  a 
known  surface  area  of  about  fifty  square  miles.  The  evidence  is  fairly  clear 
that  an  additional  area  of  more  than  twenty  square  miles  underlies  the 
Tokun  formation  at  varying  depths.  The  coal  beds  are  distributed  through- 
out the  thickness  of  the  Kushtaka  formation.  Where  sections  of  the  forma- 
tion are  the  best  exposed  more  than  a  dozen  seams  of  coal  may  be  seen 
but  several  of  these  are  thin  and  unimportant.  In  places  the  coal  beds 
have  thicknesses  of  more  than  twenty-five  feet  of  good  coal;  at  many 
places  beds  exceeding  ten  feet  may  be  seen.  Owing  to  the  complexity 
of  structure,  and  the  small  amount  of  development  work,  it  is  impos- 
sible to  correlate  the  coal  beds  in  one  part  of  the  field  with  those  of 
other  parts,  even  when  the  outcrops  are  not  widely  separated.  The 
thicknesses  of  the  beds  often  vary  greatly  within  short  distances  along 
both  the  strike  and  the  dip.  In  some  places  the  evidence  suggests  that 
the  irregularities  in  thickness  are  due  to  movements,  the  coal  having 
been  scpieezed  into  great  pockets  of  irregular  shape.  IMoreover,  in  some 
places  there  is  a  somewhat  abrupt  change  from  a  bed  of  good  coal  of 
considerable  thickness  into  coal  of  a  much  lower  grade,  or  into  carbon- 
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aceous  shale.  In  some  places  the  movements  have  resulted  in  the  coal 
being  intimately  mixed  with  the  rocks  of  the  roof  and  the  floor.  The 
roof  and  the  ^floor  are  most  commonly  of  shale.  One  sometimes 
finds  the  roof  to  be  of  shale  and  the  'floor  of  sandstone,  or  vice  versa ;  in 
a  few  places  sandstone  forms  both  the  roof  and  the  floor.  The  roof  is 
frequently  fractured  to  such  an  extent  that,  in  mining,  timbering  will 
be  necessary. 

The  coal  of  the  region  is  of  good  quality,  the  best  grade  being  anthra- 
cite, the  lowest  grade  semi-bituminous.  The  average  of  32  analyses 
of  samples  of  coal  taken  l)y  Dr.  Martin  so  as  to  represent  the  coals  of 
the  whole  field  was  as  follows : 

Per  Cent 

Total  moisture   6.02 

Volatile  combustible   10.44 

Fixed  carbon  75.30 

Ash     8.23 

Sulphur     1.47 

The  fuel  ratios  of  these  coals  varied  from  3.61  to  15.88,  the  average 
being  7,78.  The  highest  B.  T.  U.  value  was  15,574,  the  lowest  8,386,  and 
the  average  of  the  32  analyses  was  13,174.  The  average  analysis  of  7 
of  the  coals  which  were  classed  as  anthracite  was: 

Per  Cent 

Moisture   7.88 

Volatile  combustible  6.15 

Pi^ed  carbon  78.23 

Ash  7.74 

Sulphur 1.30 

The  semi-bituminous  grade  of  coal  is  found  in  the  southwestern  part 
of  the  field,  the  anthracite  in  the  northeastern.  Between  these  two  areas 
the  grade  of  coal  is  intermediate  between  semi-bituminous  and  anthra- 
cite. The  distribution  in  the  grades  of  coal  corresponds  somewhat 
closely  to  the  complexity  of  structure  in  the  different  parts  of  the  field. 
The  structure  becomes  more  and  more  complex  from  tlie  southwest 
toward  the  northeast.  The  grade  of  the  coal  has  been  made  better  with 
an  accompanying  complexity  of  structure. 

The  semi-bituminous  coal  has  been  shown  to  possess  good  coking 
properties. 

A  striking  feature  of  the  coals,  and  one  which  is  likely  to  be  a  serious 
handicap  to  their  utilization,  is  their  crushed  and  sheared  condition.  In 
many  of  the  surface  exposures  and  in  the  tunnels,  drifts,  and  open  cuts, 
where  development  has  been  carried  on,  the  coal  is  soft  and  friable. 
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even  where  fairly  firm  and  iinbrolfen  masses  of  coal  are  found,  they  can 
be  readily  crushed.  It  is  difficult  to  find  large  lumps  of  coal  free  from 
fractures  and  slickensided  surfaces.  When  being  mined,  such  coal  can- 
not escape  being  badly  broken,  and  the  difficulties  of  shipping  will  be 
great.  In  the  case  of  the  anthracite,  the  crushed  and  friable  condition 
is  likely  to  impair  seriously  its  market  value.  With  regard  to  the  grades 
of  coal  of  coking  quality,  the  soft  character  may  not  be  serious  in  that 
the  coal  can  be  converted  into  coke  before  shipping.  It  is  scarcely 
probable,  in  a  region  where  the  crustal  movements  have  been  so  wide- 
spread and  intense,  that  the  coals  below  the  zone  of  surface  disintegra- 
tion will  be  free  from  the  crushed  and  fractured  conditions  which  are 
so  prevalent  at  and  near  the  surface. 

Gas  has  been  found  in  several  of  the  tunnels,  hence,  in  mining,  safety 
devices  will  be  necessary. 

Development. 

At  more  than  three  hundred  places  within  the  field,  more  or  less 
development  work  has  been  done.  But  no  extensive  mining  has  been 
carried  on.  The  most  prevalent  kind  of  work  consists  of  small  surface 
openings.  However,  more  than  thirty  drifts  or  tunnels  have  been  run 
with  an  aggregate  length  of  more  than  three  thousand  feet.  The  most 
systematic  development  work  has  been  done  on  the  Cunningham,  the 
Controller  Bay,  the  English  Company,  and  the  Davis  groups.  On  the 
Cunningham  claims  several  long  tunnels  have  been  run.  At  the  Mc- 
Donald mine  on  the  Controller  Bay  group  is  a  working  drift  more  than 
six  hundred  feet  long.  On  the  claims  of  the  English  Company  there  are 
three  tunnels  with  a  total  length  of  more  than  nine  hundred  feet.  On 
the  Davis  group  is  a  tunnel  of  more  than  five  hundred  feet.  During 
the  summer  of  1910,  the  Davis  group  was  the  only  one  in  the  field  upon 
which  systematic  development  work  was  being  carried  on. 

Summary  and  Conclusions. 

The  coals  of  the  Bering  River  field  are  of  good  quality  and  the  ton- 
nage is  unquestionably  great.  But  the  probable  amount  of  this  coal 
which  is  avaiable  at  present  or  which  will  be  available  in  the  near  future 
cannot  be  stated  with  any  degree  of  reliability.  The  conditions  of 
occurrence  are  such  that,  until  extensive  development  has  revealed  many 
data  at  present  unknown,  an  estimate  of  the  available  coal  would  be 
little  more  than  a  guess.  In  coal  fields  of  somewhat  simple  structure, 
fairly  reliable  estimates  may  be  made  of  the  available  coal  from  a  study 
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of  the  outcrops,  but  in  fields  sucli  as  the  Bering  field,  where  the  struc- 
ture is  complex,  such  estimates  are  of  little  value  and,  in  fact,  they  may- 
be harmful.  The  figures  are  likely  to  be  overemphasized  and  even  mis- 
used by  those  who  are  endeavoring  to  interest  the  investing  public.  In 
much  of  the  Bering  field  the  rocks  are  folded,  faulted,  jointed  and 
cruf?hed,  the  coal  beds  are  known  to  vary  much  in  thickness  within  short 
distances  along  both  the  strike  and  the  dip,  the  coal  beds  in  several 
places  may  be  seen  to  change  somewhat  abruptly  into  carbonaceous 
shale,  and  in  places  they  are  intruded  by  igneous  rocks.  As  yet,  the 
beds  in  the  different  parts  of  the  field  have  not  been  correlated,  nor  is 
it  possible  to  state  the  number  of  beds  which  are  workable.  Moreover, 
when  it  is  recalled  that  gas  is  present  in  the  coals,  that  the  region  is  one 
of  great  rainfall,  that  the  snowfall  is  heavy,  that  the  coals  are  in  many 
places  friable,  that  many  difficulties  and  large  expenditures  are  con- 
nected with  the  problem  of  railroad  construction  and  the  providing  of 
docking  facilities,  one  begins  to  realize  how  necessary  it  is  to  give  full 
weight  to  these  facts  in  reaching  a  conclusion  as  to  the  value  of  the 
field. 

The  opening  up  of  this  field  would  be  a  great  boon  to  Alaska  and  to  the 
states  of  the  Pacific  coast.  The  government  should  do  all  in  its  power  to 
hasten  its  development.  In  cases  where  the  evidence  shows  that  the 
entrymen  have  conformed  with  the  law,  the  patents  should  be  issued 
without  delay.  Moreover,  the  present  unsatisfactory  laws  should  be 
revised.  The  laws  should  be  such  that  development  will  be  encouraged 
not  discourage^.  Not  until  large  sums  of  money  have  been  invested  in 
this  field  will  it  be  possible  to  mine  and  ship  the  coal  on  a  commercial 
scale. 


PROBLEMS  ON  THE  BORDER  LINES  BETWEEN  GEOLOGY 
AND  THE  OTHER  SCIENCES. 


BY   GEORGE   F.    KAY. 

(Abstract.) 

In  this  paper  attention  is  called  to  the  need  of  co-operative  work 
among  investigators  in  the  different  fields  of  science.  Reference  is  made 
to  several  bulletins  and  papers  which  have  already  been  published  by 
the  chemists  of  the  United  States  Geological  Survey,  by  the  physicists 
of  the  geophysical  laboratory,  and  by  other  scientists,  throwing  light  on 
many  problems  in  geology  which  heretofore  were  obscure.  The  neces- 
sity for  further  work  upon  border  problems,  already  under  investiga- 
tion, and  upon  many  other  problems  which  need  solution,  is  emphasized. 


GRAPHICS  OF  ORE-ORIGIN. 


BY    CHARLES   R.    KEYE^. 


In  the  main  ore  deposits  are  precipitated  in  aqueous  solutions.  Solu- 
tion, transportation  and  deposition  of  ore-materials  are  distinctly  pro- 
cesses operating  through  the  medium  of  subterranean  waters.  The 
sources  of  the  ore-minerals,  the  courses  they  follow  through  the  geo- 
logic formations,  and  the  immediate  causes  of  their  localization,  are 
factors  of  prime  importance  in  the  consideration  of  ore-genesis.  Ob- 
scure as  is  the  migration  and  changes  of  ore-materials  it  is  possible, 
as  will  be  seen  presently,  to  represent  graphically  the  general  courses. 

As  recently  pointed  out  the  various  phases  of  primary  ore-genesis 
may  be  all  reduced  to  four  principal  groups:  (1)  extraction  from  sea- 
water;  (2)  inclusion  of  metallic  minerals  as  accessories  in  the  igneous 
rocks  themselves  and  the  subsequent  liberation  and  segregation  of  the 
ore-materials  through  weathering-processes;  (3)  production  of  metal- 
liferous bodies  in  connection  with  rock-masses  in  a  molten  state,  either 
through  magmatic  secretion  or  liy  expulsion  of  the  A^olatile  compounds 
of  the  metals  during  the  progress  of  magma-cooling;  and  (4)  deriva- 
tion of  metallic  particles  from  extra-terrestrial  sources,  and  their  later 
segregation  through  the  action  of  percolating  surface-waters.  Of  these 
several  groups  contention  regarding  the  first  mentioned  is  now  obsolete ; 
the  conceptions  concerning  the  second  and  third  enter  into  nearly  all 
of  the  recent  discussions  of  the  subject;  the  idea  of  the  last  receives  yet 
only  incidental  attention,  but  is  likely  to  prove  the  most  important 
of  all. 

On  the  theory  of  meteoritic  agglomeration,  the  original  and  often 
the  immediate  source  of  ore-materials  cannot  be  in  nature  so  largely 
magmatic  as  it  is  vadose.  Qualified  in  some  ways  and  strenghtened  in 
others,  the  general  arguments  of  Forchhammer,  Sandberger,  AVinslow, 
Van  Hise  and  Bain  assume  a  new  interest  and  an  added  value.  The 
main  shortcoming,  if  such  it  really  be,  is  merely  in  ascribing  a  sole 
or  principal  origin  of  the  ore-materials  to  rock-weathering,  when  a 
somewhat  broader  interpretation  of  the  facts  seems  necessary. 
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It  is  not  difficult  to  fancy  the  manner  in  which  metallic  substances 
of  meteoritic  origin  may  become  incorporated  with  ore-materials  gener- 
ally. After  reaching  the  surface  of  the  earth,  both  cosmic  dust  and  the 
larger  meteorites  must  mingle  witli  the  soil,  more  or  less  quickly  oxi- 
dize, and  enter,  by  means  of  the  circulating  groundwaters,  or  other- 
wise, the  deep-seated  zone,  in  the  same  way  as  any  of  the  heavier  mineral 
particles  liberated  from  the  surface  rocks  through  decomposition  are 
supposed  to  do.  The  processes  involved  are  essentially  the  same  as  for 
the  changes  and  movements  of  rock-forming  ore-materials.  The  dis- 
tinction to  be  made  is  that,  instead  of  the  ore-materials  being  derived 
from  the  breaking  down  of  the  rocks  of  the  lithosphere,  a  very  large 
proportion  is  regarded  as  coming  from  extra-terrestrial  sources. 

Although  there  is  probably  no  such  universal  sea  of  groundwater  as 
that  pictured  by  Van  Hise,  there  is  yet  no  reason  for  not  believing  that 
surface-water  readily  penetrates  to  the  deep-region,  even  to  the  zone 
of  rock-flowage.  The  lithosphere  thus  represents  merely  the  flotsam 
and  jetsam  of  the  globe,  through  which  the  heavier  materials  may  mi- 
grate, generally  inward  as  individual  particles,  but  occasionally  or 
spasmodically  outward,  in  connection  with  volcanic  flows. 

In  the  course  of  the  inward  migration  of  ore-materials  temporary  ore- 
bodies  are  often  localized,  in  the  vadose  zone,  chiefly.  How  much  of 
these  materials  are  of  recent  extra-terrestrial  origin  and  what  propor- 
tion is  the  product  of  rock-decay,  is  at  the  present  time  difficult  to  esti- 
mate. The  meteoritic  contribution  has  received  as  yet  insufficient  atten- 
tion. That  it  may  be  much  more  important  than  has  been  suspected 
hitherto  is  clearly  shown  by  recent  observations  in  desert  regions.  That 
this  is  the  main  source  of  vadose  ore-materials  now  seems  not  unlikely. 
It  is  probable  that  most  of  the  diffused  metallic  content  of  the  sedi- 
mentary rocks  is  in  reality  immediately  derived  from  meteoritic  sources  ; 
for  its  derivation  from  the  country-rock  of  mining  districts,  especially 
in  tracts  far  removed  from  volcanic  activity,  has  never  been  a  very  satis- 
factory explanation. 

As  commonly  regarded  a  mineral  vein  consists  of  (1)  the  deeper 
primary  portion  below  groundwater  level,  and  (2),  above  the  latter  a 
limited  weathered  part  known  as  the  gossan.  The  lower  part  is  com- 
posed of  sulphides  and  the  upper  portion  of  oxides.  Of  late,  between 
the  two,  at  groundwater  level,  there  has  come  to  be  recognized  a  third 
zone,  that  of  secondary  sulphide  enrichment.  According  to  this  simple 
conception  the  movement  of  ore-materials  liberated  by  weathering  and 
passed  into  solution  is  merely  slowly  down  the  course  of  the  vein. 
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The  circulation  of  ore-matter  seems  to  he  very  much  more  complex 
than  this  and  the  immediate  sources  of  the  ore-materials  are  widely  dif- 
ferent from  a  mere  settling  down  along  a  vein.  The  ordinary  circula- 
tion of  metalliferous  groundwaters  is  graphically  indicated  by  the  sub- 
joined cut  (Fig.  1). 


In  the  diagram  the  courses  of  the  various  circulations  are  represented 
as  merging  at  a  single  point  or  along  a  given  line.  The  latter  may  be 
an  old  mineral  vein  or  it  may  be  a  recently  formed  fault-plane.  In  either 
case  the  currents  reach  ground-water-level  where  their  burdens  of  oxidic 
ores  are  mainly  reduced  to  sulphidie  form,  and  dropped,  forming  the 
bonanza  zone  or  layer  of  secondary  sulphide  enrichment.  A  minor  part 
goes  on  downward  into  the  profound  zone.  The  proportions  of  metallic 
substances  derived  from  each  source  are  not  easy  at  this  time  to  accur- 
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ately  evaluate.  Meteoritic  sources  supply  much  larger  amounts  than  it 
has  been  customary  to  suppose.  The  part  liberated  by  secular  decay  of 
rock-masses  is  probably  the  largest.  By  the  oxidation  of  small  masses 
of  sulphide  ores  there  is  an  appreciable  contribution.  Through  the  con- 
stant working  over  of  the  bonanza  layer  the  ores  are  kept  localized  and 
concentrated. 

At  any  rate,  deposition  of  ores  derived  from  the  vadose  zone  is  very 
much  more  important  than  is  usually  assumed. 


VOLCANIC  PHENOMENA  OF  COON  BUTTE  REGION,  ARIZONA. 


BY    CKARLES    R.    KEYES. 

(Abstract.) 

It  will  be  recalled  that  Coon  Butte  is  a  low  eminence,  with  a  shallow 
depression  in  the  summit  about  half  a  mile  across,  that  has  become 
widely  known  on  account  of  the  supposition  that  this  crater-like  basin 
was  formed  by  a  huge  meteor  striking  the  earth  at  this  point  and  throw- 
ing up  the  low  wall  all  around.  Contrary  to  the  recently  expressed 
views  regarding  the  origin  of  this  remarkable  crater  the  most  critical 
evidences  seem  to  indicate  that  this  feature  of  the  local  landscape  is  only 
one  of  the  many  manifestations  of  the  explosive  type  of  vulcanism  so 
I)revalent  throughout  this  region. 

There  are  in  Arizona  and  New  Mexico  myriads  of  volcanic  cones. 
Many  of  them  are  symmetrical  cinder-cones ;  some  are  low  lava-cones ; 
some  are  cinder-cones  with  breached  crater  rims  from  which  basalt-flows 
extend  for  distances  of  several  miles,  some  are  the  centers  from  which 
the  country  about  has  been  flooded  with  lava.  A  number  of  these  vol- 
canic vents  display  abundant  evidences  of  dry  explosive  action.  To  one 
of  these  special  attention  is  called  for  the  reason  that  it  is  similar  in 
every  respect  to  the  Coon  Butte,  except  that  from  the  bottom  of  the 
crater  there  rises  two  small  ash-cones  about  300  feet  in  height.  This 
locality  is  locally  known  as  the  Crater  Salt  lake ;  and  is  in  the  western 
part  of  Socorro  county,  in  New  jMexico.  The  floor  of  the  crater  is  flat 
and  is  now  occupied  by  a  shallow  saline  lake,  whence  the  name. 

The  important  feature  of  the  Crater  Salt  lake  is  that  there  is  displayed 
a  stage  in  its  formation  which  is  entirely  wanting  in  the  case  of  Coon 
Butte.  Conclusive  testimony  is  here  furnished  that  the  craters  in  the 
plains  are  the  result  of  the  explosive  action  of  local  vulcanism.  If  they 
were  located  anywhere  else  but  in  an  arid  region  the  craters  would  be 
filled  with  water,  as  in  the  cases  of  the  crater  lakes  of  Italy.  Coon  Butte 
and  Crater  Salt  lake  represent  the  initial  stages  of  volcano-building, 
and  a  stage  rarely  exposed  to  observation. 

The  apparently  unusual  abundance  of  meteoritic  materials  for  which 
the  Coon  Butte  region  has  been  so  long  famous  is  not  an  exceptional 
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phenomenon,  but  is  a  characteristic  of  desert  regions  generally.  On 
account  of  the  excessive  dryness  of  the  atmosphere  there  is  practically 
no  chemical  decomposition  of  the  rocks  to  destroy  stony  and  metallic 
substances.  There  is  little  vegetation  in  which  the  larger  meteoritie 
fragments  are,  after  striking  the  surface  of  the  earth,  lost  to  view.  Ex- 
tensive deflation  continually  keeps  the  immediate  surface  of  the  ground 
singularly  free  of  the  lighter  soil-materials,  leaving  the  pebbles  and 
larger  rock-fragments  always  exposed  to  sky.  The  coarser  rock-debris  is 
often  so  plentiful  that  large  areas  are  sometimes  covered  by  veritable 
pebble-pavements,  or  rock-mosaics. 

From  the  desert  regions  of  the  globe  it  is  believed  will  be  derived' 
our  chief  information  concerning  meteoritie  materials  and  through  them 
will  be  opened  up  an  entirely  new  field  of  geologic  inquiry. 


DEPOSITIONAL  PHASES  OF  EOLATION  UNDER  THE  STIMU- 
LUS OF  ARIDITY. 


BY  CHARLES  R.  KEYES. 

(Abstract.) 

It  is  now  a  question  whether  wind-scour  under  the  stimulus  of  a  typi- 
cally arid  climate  is  not  actually  the  most  potent  and  persistent  of  the 
erosive  agencies.  Under  favorable  conditions  its  general  efficiency  must 
greatly  exceed  that  of  stream-action  in  normally  moist  lands.  At  any 
rate,  erosionally,  its  world's  work  is  probably  surpassed  neither  by  that 
of  hydrasion  nor  of  glaciation. 

Notwithstanding  the  fact  that  the  eolative  processes  are  as  sharply 
defined  in  their  operations  as  are  the  several  phases  of  either  of  the  other 
two  great  erosive  agencies  it  is  mainly  only  some  of  the  minor  trans- 
portative  features  which  usually  attract  attention.  Even  in  regions  of 
their  maximum  efficiency,  and  where  often  they  are  almost  the  sole 
erosive  agent,  their  most  striking  results  are  frequently  mistaken  for 
mere  idle  shifting  of  desert  sands'.  The  most  recent  observations  in  desert 
and  Kemi-arid  regions  strongly  emphasize  the  great  importance  and  vast- 
ness  of  the  depositional  products  of  eolation. 

Under  various  titles  are  the  different  phases  of  erosional  processes 
considered.  The  majority  of  the  terms  are  rather  loosely  applied  and 
usually  refer  to  complex  phenomena  rather  than  to  a  single  simple  activ- 
ity. For  present  purposes  these  terms  appear  to  be  best  restricted  to 
tlie  following  scheme : 

GENERAL.  WATER  WIND  ICE 

Erosion    Hydrasion  Eolation   Glaciation 

Weathering    Decomposition    ....Insolation   Refrigeration 

Transportation    . . .  Flotation  Deflation   Crystportation 

Deposition   Sedimentation   Aeroposition    Morainization 

For  the  general  geologic  work  of  the  winds  W.  J.  McGee's  term  eola- 
tion appears  to  be  the  happiest  expression. 

Under  climatic  conditions  of  aridity  the  phenomenon  of  rock-weather- 
ing is  influenced  so  little  by  the  action  of  chemical  decay  that  the  prod- 
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ucts  may  be  regarded  as  entirely  mechanically  fornled,  and  as  mainly 
accomplished  by  means  of  the  sun's  rays  causing  great  daily  fluctuations 
of  temperature.  Insolation  is  the  most  appropriate  title  for  this  dis- 
tinctive phenomenon.  Through  means  of  it  rock  materials  are  prepared 
for  transportation  by  the  winds  as  effectually  as  chemical  decomposition 
prepares  them  for  movement  by  streams.  The  vast  extent  to  which  this 
particular  process  goes  on  under  favorable  conditions  is  often  difficult  to 
fully  appreciate. 

In  the  consideration  of  desert  erosion  the  main  interest  concerning 
wind-work  centers  about  the  transportation  of  rock-waste  and  hence  the 
deflative  phases  absorb  principal  attention. 

Judging  from  the  literature  on  the  subject  the  depositional  effects  of 
wind-action  are  geologically  of  small  import.  Even  the  eolian  origin  of 
such  deposits  as  the  loess  is  still  often  questioned.  Only  upon  the  ephe- 
meral sand-dunes  of  the  sea-shore  and  of  the  deserts  is  there  general 
agreement  of  opinion  as  to  the  adequacy  of  wind-action  to  produce  them. 

The  erosive  phenomena  of  the  dry  regions  of  the  globe  are  mainly 
viewed  only  within  the  domains  of  the  deserts  themselves.  The  prin- 
cipal depositional  products  are  not  to  be  sought  within  the  boundaries 
of  the  arid  tracts  but  outside  of  them;  in  the  same  way  that  the  prin- 
cipal areas  for  the  final  resting  place  of  sediments  is  not  looked  for 
within  the  limits  of  stream-basins  but  beyond  in  the  sea,  where  the 
physical  conditions  are  entirely  different. 

Contrary  to  general  opinion  typical  and  prevailing  desert  deposits 
are  not  gravels  and  coarse  materials,  but  sands  and  porous  clay-like  ma- 
terials, of  which  lass  and  adobe  are  the  most  familiar  representatives. 
In  size  the  component  grains  are  about  half-way  between  that  of  sand 
and  that  of  clay.  Size  and  character  of  grain  should  be  made  an  im- 
portant criterion  for  distinguishing  water-laid  from  wind-formed  de- 
posits. 

Areas  of  proposition  are  determined  by  three  chief  circumstances. 
Large  rivers  traversing  desert  tracts  carry  much  of  the  coarse  material 
constantly  blown  into  them,  as  in  the  cases  of  the  Nile,  the  Rio  Grande 
and  the  Volga  river.  In  its  final  resting  place  little  of  such  material 
can  be  properly  called  an  eolie  deposit. 

The  important  eolian  deposits  are  on  the  leeward  side  of  the  deserts, 
where  the  exported  dusts  come  to  rest  under  moister  climatic  conditions. 
Such  deposits  are  probably  very  much  more  extensive  than  there  is  at 
present  time  any  adequate  notion  of.  Some  of  the  so-called  fresh-water 
tertiaries  of  the  Great  Plains  instead  of  being  either  sediments  of  vast 
lakes  existing  during  periods  of  moister  climates  than  at  present,  or 
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even  of  fluviatile  origin,  have  every  appearance  of  being  mainly  eolic  in 
character.  Although  thickest  near  the  Rocky  Mountain  front  these 
deposits  in  gradually  lessening  volume  doubtless  extend  eastward  be- 
yond the  Mississippi  river.  In  the  Caspian  district,  in  the  northern  China 
region,  along  the  Nile,  on  the  west  coast  of  northern  Africa,  and  on  the 
Pacific  coast  of  the  northern  half  of  South  America  similar  conditions 
appear  to  prevail. 

A  third  class  of  deposits  are  those  representing  wind-blown  dusts  which 
are  laid  down  in  the  seas  bordering  desert  lands.  The  origin  of  the  vast 
boraciferous  formations  of  Tertiary  and  Quaternary  ages  occurring  in 
the  Santa  Clara  valley,  the  Mojave  basin  and  Deatli  valley  of  southern 
California  has  been  thus  explained.  These  deposits  are  from  5,000  to 
8,000  feet  in  thickness.  They  now  occupy  an  unbroken  belt  100  miles 
wide  and  more  than  300  miles  long ;  representing  the  position  of  a  great 
shallow  arm  of  the  Pacific  ocean.  Playa  deposits  are  another  and  more 
ephemeral  phase  of  wind-blown  desert  dusts  accumulating  in  very  shal- 
low bodies  of  water. 

A  notable  example  of  the  work  of  the  process  as  it  is  going  on  at  the 
present  time  is  in  the  region  about  the  Gulf  of  California.  In  this  great 
valley,  once  occupied  by  the  sea  northward  to  the  latitude  of  the  Death 
valley,  deposition  has  been  continuous  ever  since  Early  Tertiary  times. 
The  great  thickness  of  the  so-called  "river  wash,"  from  1,200  to  2,000 
feet  deep,  reported  from  many  of  the  intermont  plains  of  southern  Ari- 
zona and  southeastern  California  is,  in  all  probability,  mainly  the  un- 
consolidated deposits  of  the  character  mentioned,  mingled  at  various 
horizons  with  the  coarse  materials  of  arroyo  out-wash.  With  this  view 
in  mind  these  "plains  deposits"  need  full  investigation  anew.  Undis- 
turbed by  local  water-work  typical  desert  plains  appear  generally  to 
have  rock-floors  at  no  very  great  depths  beneath  the  surface  of  the 
ground. 

As  shown  more  fully  in  another  place  such  deposits  as  the  Mojave  des- 
ert boraciferous  clays  appear  to  afford  quantitative  data  for  the  deter- 
mination of  the  duration  of  eolic  erosion  and  the  corref^ponding  extent 
of  proposition. 


THE  USE  OF  A  BALLISTIC  GALVANOMETER  AND  A  PENDU- 
LIBI  FOR  :\IEASURING  RAPIDLY  FLUCTUATING 

RESISTANCES. 


BY   W.   H.    CLARK. 

The  degree  of  accuracy  with  which  physicists  have  divided  the  funda- 
mental units  of  length  and  mass,  the  centimeter  and  the  gram,  demands 
a  division  equally  as  accurate  of  the  remaining  unit,  the  unit  of  time. 
We  are  all  familiar  with  ]\Iichelson 's  measurement  of  the  standard  meter 
where  a  half  and  a  quarter  wave  length  of  light  was  a  quantity  not  to  be 
neglected.  Our  recent  literature  describes  a  balance  which  will  weigh 
to  one  millionth  of  a  milligram.  When  we  consider  these  facts  and  the 
added  fact  that  time  so  often  enters  into  our  formulae  to  the  second  de- 
gree we  see  the  necessity  of  accurate  small  divisions  of  our  unit  of  time. 
For  special  purposes  such  divisions  have  been  made  illustrated  by  the 
many  forms  of  chronographs.  The  kind  of  time  measuring  instrument 
is  usually  determined  by  the  purpose  required.  There  is  the  gun  chrono- 
graph, the  astronomical,  the  accoustic  and  the  chronograph  for  physi- 
ological purposes.  All  of  these  are  more  or  less  complicated  in  their 
structure.  An  instrument  exceedingly  simple  in  design  and  still  suffi- 
ciently accurate  for  the  purpose  has  been  used  in  the  physical  laboratory 
at  the  State  University  of  Iowa  to  measure  a  rapidly  fluctuating  resist- 
ance. It  is  a  ballistic  pendulum  which  swings  over  an  arc  which  is 
graduated  with  respect  to  time.  The  shortest  time  which  could  be  meas- 
ured was  .00125  second.  Keys  which  opened  and  closed  electrical  cir- 
cuits were  placed  along  the  arc  at  any  desired  points.  These  were  tripped 
by  the  pendulum.  A  variable  resistance  was  placed  in  one  arm  of  a 
Wheatstone  bridge  circuit.  We  found  that  its  average  value  for  iny 
interval  of  time  can  be  expressed  in  terms  of  the  throw  of  a  ballistic  gal- 
vanometer where  the  galvanometer  is  thrown  into  the  circuit  by  means 
of  the  pendulum  for  the  desired  interval  of  time  which  must  be  small 
compared  with  the  period  of  the  galvanometer.  How  small  this  in- 
terval should  be  is  also  determined  by  the  rapidity  with  whicli  the  re- 
sistance changes.  If  the  time  is  sufficiently  short  the  average  resistance 
practically  becomes  the  actual  resistance  at  the  middle  of  the  interval. 
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Theory. 

The  theory  of  the  method  is  quite  elementary.  Consider  resistances 
without  appreciable  capacity  or  self-induction  to  be  connected  in  a 
"Wheatstone  bridge  circuit.  Suppose  the  battery  resistance  to  be  small 
compared  with  the  other  resistances.  Let  the  balance  be  disturbed  by 
changing  the  resistance  in  the  variable  arm  by  a  small  amount  ^t.  Then 
it  can  be  shown  that  ^x=Cd  where  ^t  is  the  time  that  the  current  flows 

Cd 

At 

through  the  galvanometer  and  also  the  time  during  which  we  are  con- 
sidering the  change  of  resistance.  The  meaning  of  this  equation  is  that 
the  change  of  resistance  is  in  the  variable  arm  of  the  bridge  is  directly 
proportional  to  the  deflection  of  the  ballistic  galvanometer  and  to  the 
constant  C,  and  inversely  proportional  to  the  interval  ^t  during  which 
the  galvanometer  is  in  the  circuit. 

Application  to  the  Measurement  of  Small  Changes  of  Resistance. 

Ill  order  to  test  the  linear  relation  between  the  deflection  and  the 
change  of  resistance,  and  between  the  deflections  and  the  interval  ^t 
known  resistances  were  placed  in  the  Wheatstone  bridge  circuit.  To 
find  the  variation  of  the  deflection  with  the  change  in  resistance,  the 
keys  k,  and  k^  were  placed  such  a  distance  apart  that  the  interval 
during  which  the  galvanometer  was  in  the  circuit  was  '^t=.05  sec.  The 
resistance  in  the  variable  arm  was  varied  by  different  amounts  previous 
to  each  reading.  The  readings  were  taken  after  the  pendulum  had 
operated  keys  k3  and  k4.  Observations  are  recorded  in  the  curve 
Fig  II.  It  will  be  noted  that  there  is  only  a  small  percentage  error  in 
any  single  observation  and  further  that  for  a  change  of  resistance  as 
large  as  800  ohms  there  is  only  a  slight  variation  from  the  linear  rela- 
tion. For  changes  as  large  as  Ax=200  ohms  there  is  obviously  complete 
agreement  between  the  theory  and  the  experiment.  It  may  be  concluded 
therefor  that  the  deflection  is  proportional  to  the  resistance. 

Relation  Between  Deflection  and  the  Time   That  the   Gal- 
vanometer is  in  the  Circuit. 

Pa  order  to  test  the  relation  between  the  deflection  and  the  time  that 
the  galvanometer  was  in  the  circuit  the  variable  resistance  was  changed 
a  given  amount,  15  ohms,  from  that  required  for  equilibrium  and  the 
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distance  between  the  keys  k3  and  k4  was  varied.  Between  .01  and 
about  .12  sec.  the  linear  relation  required  by  equation  '^x=Cd  holds, 

At 
but  from  .12  sec.  to  .4  sec.  there  is  a  slight  tendency  for  the  deflection 
to  grow  less  as  the  interval  is  increased.  This  slightly  downward  bend- 
ing of  the  time-deflection  curve  for  longer  intervals  of  time  probably 
arises  from  the  damping  action  of  the  closed  coil  moving  in  a  magnetic 
field.  It  was  quite  definitely  settled  that  the  linear  relation  between  d 
and  At  was  obeyed  for  values  of  At  as  small  as  .0075  sec,  but  for  values 
less  than  this  there  was  considerable  doubt.  It  may  be  stated  that  the 
method  suggested  for  determining  changes  of  resistance  is  applicable 
through  the  use  of  equation  Ax=Cd  for  quite  large  ranges  of  values 

At 

for  Ax  and  At.  The  range  of  applicability  will  vary  to  some  extent  with 
the  apparatus  used.  There  will  enter  such  factors  as  the  theory  of 
the  galvanometer,  the  value  of  the  resistance  in  the  circuit,  and  self- 
induction. 

In  case  the  change  of  resistance  Ax  is  large  compared  with  the  initial 
resistance   equation  Ax=Cd  can  not  be  applied  and  the   equation  in- 

At 
volving  the  resistances  in  the  four  arms  of  the  bridge  is  not  easily  ap- 
plied. The  change  of  resistance  is  a  function  of  the  deflection  regard- 
less of  how  large  it  may  be,  but  it  is  not  easily  computed.  The  easiest 
way  out  of  the  difficulty  is  to  determine  the  deflections  obtained  by  the 
unknown  variable  resistance  for  different  intervals  of  time  and  then 
to  substitute  various  known  resistances  which  will  give  a  range  of  de- 
flection covering  those  obtained  by  the  unknown.  The  deflections  with 
the  known  resistances  can  be  plotted  to  give  a  calibration  curve.  Then 
the  value  of  the  unknown  resistances,  or  the  change  of  resistance,  can 
be  read  from  the  calibration  curve.  A  simple  illustration  will  explain 
this  application  of  the  method, 

A  Giltay  selenium  cell  was  connected  at  X  in  figure  I.  The  selenium 
cell  was  placed  in  a  dark  box  in  which  was  also  a  tungsten  lamp.  By 
closing  both  keys  kl  and  k2  the  storage  battery  circuit  was  closed 
through  the  tungsten  lamp.  This  illuminated  the  selenium  cell.  The 
method  of  procedure  in  the  experiment  was  first  to  balance  the  selenium 
cell  in  the  bridge  circuit,  after  it  had  recovered,  and  then  set  up  keys 
k2  and  k4.  The  key  k  was  closed  by  hand.  Wlien  the  pendulum  was 
afterward  released  it  closed  key  kl  and  illuminated  the  cell.    When  the 
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Pig.    I. 

Use  of  Ballistic  Galvanometer. 

pendulum  reached  key  k3  the  galvanometer  was  thrown  in  circuit,  and 
when  key  k4  was  reached  the  galvanometer  was  thrown  out  of  circuit.  The 
distance  between  keys  kl  and  k2  gave  the  interval  of  time  ^t.  After 
the  pendulum  had  thrown  k2  k  was  opened  by  hand.  The  following 
table  gives  the  observations  that  were  made  with  the  selenium  cell: 


Time  cell  is 
exposed  to 
light  Sec. 

Deflections 
Mm. 

Temperature 

Degrees 
Centigrade 

.05 

7 

24.8° 

.10 

11 

24.4° 

.20 

35 

23.8° 

.25 

38 

23.8° 

.30 

56      • 

23.8° 

.35 

52 

23.8° 

.40 

55 

23.8° 

.45 

55 

23.8° 

.60 

58 

23.8° 

1.00 

61 

23.8° 

2.00 

57 

23.8° 

4.00 

56 

23.8° 

6.00 

56 

23.8° 

8.00 

55 

23.8° 
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Then  keeping  the  time  constant  that  the  galvanometer  was  in  the 
circuit  and  substituting  a  known  variable  resistance  in  place  of  the 
unknown  data  was  obtained  from  which  was  plotted  the  calibration 
curve  shown  in  figure  III.  It  will  be  observed  from  the  calibration 
curve  that  for  changes  of  resistance  ranging  in  value  from  500,000  to 
564,000  ohms  the  deflection  is  almost  a  linear  function  of  the  change 
in  resistance.  For  greater  changes,  however,  the  deflection  changes  very 
rapidly  and  becomes  inflnite  when  the  change  of  resistance  equals  the 
original  resistance  in  that  arm  of  the  bridge.  It  is  interesting  to  com- 
pare the  curve  with  the  curve  in  figure  II.  Both  are  deflection-resist- 
ance curves,  but  in  iigure  II  the  change  in  resistance  begins  with  zero 
while  in  figure  III  they  begin  with  about  500,000  ohms.  The  resistances 
are  of  entirely  different  order  of  magnitude  in  the  two  instances.  Using 
the  values  of  the  deflections  obtained  with  the  selenium  cell  shown  in 
the  accompanying  table,  we  are  able  to  determine  the  change  of  re- 
sistance from  the  calibration  curve. 

Other  applications  of  this  method  may  be  found  where  it  is  neces- 
sary to  vary  the  interval  during  which  the  galvanometer  is  the  circuit 
and  also  the  E.  M.  F.  of  the  battery.  This  method  would  probably  adapt 
itself  to  determining  the  change  of  resistance  with  application  of  heat 
in  a  bismuth  spiral,  change  of  resistance  of  certain  metals,  as  manganin, 
and  silver-sulphide,  under  pressure.  The  method  is  probably  as  ac- 
curate and  as  easy  to  manipulate  as  any  method  that  has  been  devised 
for  measuring  rapidly  fluctuating  resistances. 
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NOTES  IN  REGARD  TO  EFFICIENCIES  OF  LUMINOUS 
'      FLAMES. 


BY    G.    W.    STEWART. 

(Abstract.) 

An  investigation  of  the  efficiency  of  luminous  flames  would  be  of 
interest.  Results  obtained  incidentally  were  studied,  showing  that  a 
cylindrical  acet.ylene  flame  is  not  so  efficient  as  a  flat  acetylene .  flame 
when  judged  by  the  proportion  of  its  radiant  energy  that  is  visible. 
The  amount  of  visible  radiant  energy  that  a  given  quantity  is  able  to 
furnish  should  also  be  considered.  Experiments  with  a  flat  kerosene 
flame  show  a  height  of  flame  at  which  the  candle-power-hours-per-gram 
is  a  maximum.  The  problem  of  obtaining  the  most  efficient  flame,  in 
the  broadest  sense,  is  complex.  It  is  advisable  to  get  the  temperature 
of  the  incandescent  particles  as  high  as  possible,  and  also  to  get  as 
many  of  them  per  gram  of  the  illuminant  as  possible.  Both  of  these 
factors  depend  upon  the  shape  of  the  flame. 


ON   THE   RECOVERY   OF   THE   ELASTIC   PROPERTIES   OF   A 
PLATIi\IUI\I-IRIDIUI\I  AVIRE. 


BY  L.  P.  SIEG. 

The  writer  lias  at  various  times  discussed  the  elastic  properties  of 
wires  made  by  alloying  different  percentages  of  iridium  with  platimum. 
In  particular  this  study  has  been  carried  on  with  a  40  per  cent  alloy.^ 
The  principal  feature  of  the  previous  work  was  a  study  of  the  torsional 
elastic  properties  of  this  wire ;  the  wire  in  these  cases  being  used  as  the 
suspension  of  various  torsion  pendulums.  One  of  the  facts  of  most 
importance  developed  in  this  investigation  was  that  the  period  of  the 
pendulum  not  only  depended  upon  the  amplitude  (a  fact  discovered 
by  Guthe)^  but  that  the  relation  of  the  period  to  the  amplitude  was  not 
always  a  constant  one.  In  fact  in  the  earlier  investigation  it  appeared 
that  the  connection  between  period  and  amplitude  was  such  a  compli- 
cated one,  that  any  further  study  of  the  elastic  properties  must  first 
be  directed  toward  this  one  relation  of  period  and  amplitude.  A  good 
advance  in  this  knowledge  was  recorded  in  the  paper  previously  re- 
ferred to.  but  much  remains  to  be  done.  Its  importance  in  the  theory 
of  elasticity  can  hardly  be  overestimated. 

It  appeared  in  previous  work  with  the  wire  that  the  relation  between 
period  and  amplitude  depended  very  largely  on  the  amount  of  vibra- 
tion which  the  wire  had  undergone  previous  to  any  one  experiment. 
For  example  if  the  initial  amplitude  were  100°,  the  period  changed 
by  3  per  cent ;  if  the  initial  amplitude  were  200°,  the  period  changed 
by  6  per  cent;  and  if  the  initial  amplitude  were  600°,  the  period 
changed  by  S^/o  per  cent — all  of  the  above  dying  down  to  zero  ampli- 
tude. Howevei',  if  the  wire  had  been  vibrated  for  some  time  at  a  large 
amplitude,  then  the  percentage  change  in  coming  to  rest  from  a  smaller 
amplitude  was  much  larger  tlian  those  mentioned  above.  In  fact  it 
seemed  that  after  the  wire  had  been  vibrated  at  large  amplitude,  it  had 
acquired  a  peculiar  elastic  condition  which  could  only  be  removed  by 
annealing  it  at  bright  red  heat.     There  was  some  little  evidence  that 


^L.  P.  Sieg  Phys.  Eev.  31,  p.  421,  1910. 

=K.  E.  Guthe,  these  proceedings,  15,  p.  147,  1908. 
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after  a  period  of  rest  the  wire  tended  automatically  to  reach  the  an- 
nealed condition.  However,  at  the  time  that  this  was  noticed  there  was 
no  opportunity  to  give  the  wire  sufficient  rest,  so  the  point  was  not 
verified. 

When  the  writer  had  finished  his  observations  with  the  wire  in  April, 
1910.  his  attention  was  turned  to  other  matters,  and  as  a  resiilt  the  wire 
was  not  disturbed  for  a  period  of  about  eight  months.  When  the  last 
experiments  had  been  done  on  the  wire,  it  had  been  vibrated  a  great 
many  times  at  large  amplitude,  and  had  not  been  annealed  at  the  end 
of  the  observations.  So  here  was  an  excellent  opportunity  to  observe  if 
the  period  of  rest  had  had  any  effect  in  restoring  the  wire  to  its  elastic 
condition.  The  first  experiment  following  this  long  rest  was  very  care- 
fully made,  with  the  initial  amplitude  at  only  about  50°.  This  was 
necessary,  for  a  much  larger  amplitude  would  have  destroyed  the  an- 
nealing effect  of  the  long  rest,  and  so  the  effect  sought  for  would  have 
(been  completely  masked.  The  results  of  Oils  and  of  the  subsequent 
experiments,  to  be  discussed  later,  will  best  be  observed  by  reference  to 
the  accompanying  figure.  Ill  this  figure  there  are  platted  two  sets  of 
curves,  one  which  we  are  now  examining,  and  the  other  to  be  discussed 
a  little  later.  Curve  (a)  represents  the  relation  between  period  and 
amplitude  in  the  lower  ranges  of  the  amplitude  for  the  experiment 
where  the  wire  had  been  vibrated  to  an  amplitude  of  720°.  The  relation 
between  these  same  two  quantities  after  the  eight  months'  rest  is  shown 
in  curve  (d).  The  curve  showing  the  relation  between  these  quantities 
after  the  wire  is  annealed,  is  shown  in  curve  (e).  It  is  interesting  to 
see"  that  the  rest  has  not  only  restored  the  wire  to  'its  annealed  condi- 
tion, but  has  actually  carried  the  elastic  condition  beyong  that  point.  I 
believe  that  this  is  the  first  time  that  such  a  phenomenon  has  ben  ob- 
served. 

After  this  interesting  observation,  experiments  were  tried  in  order  to 
discover  if  possible  the  rate  at  which  the  wire  was  automatically  re- 
stored to  its  annealed  condition.  It  necessarily  follows  that  such  ex- 
periments must  be  very  tedious,  for  it  is  necessary  to  leave  the  wire  un- 
disturbed for  long  intervals  of  time  between  readings.  This  will  account 
for  the  relatively  few  observations  that  I  have  recorded.  In  this 
same  figure  will  be  found  two  other  curves  of  this  series:  one,  curve 
(b),  for  an  eight  days'  rest,  and  one,  curve  (c),  for  a,  twenty-two 
days'  rest.  It  is  hoped  that  further  observations  on  this  point  may 
be  made.  It  will  be  observed  that  the  recovery  of  the  wire  is  really 
very  rapid  at  first,  but  -becomes  gradually  slower  and  slower.  In  fact 
one   is    strongly   reminded   of   the   logarithmic   form   of    the     ordinary 
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decay  curves.  To  bring  this  point  out  more  clearly,  curve  (f)  has 
been  drawn.  This  curve  is  one  connecting  days'  rest  with  the  period 
of  the  wire  at  a  certain  definite  amplitude — in  this  case  40°.  To  fill 
out  the  blanks  in  this  curve,  observations  should  be  taken  for  the  eighty, 
and  for  the  one  hundred  sixty  days'  rest. 

While  the  detailed  study  of  this  wire  is  of  no  great  importance  as 
far  as  its  own  place  in  elasticity  is  concerned,  still  it  is  hoped  that  suf- 
ficient information  will  be  gained  concerning  its  elastic  behavior,  so 
that  the  properties  of  more  ordinary  wires  may  be  more  clearly  grasped. 
It  is  believed  by  the  writer  that  all  wires  will  be  found  to  show  these 
properties,  only  most  of  them  to  a  much  smaller  degree.  In  this  case 
we  are,  as  it  were,  looking  at  the  subject  through  a  microscope.  An 
investigation  of  phospher  bronze  wires  is  to  be  undertaken  in  a  short 
time. 


ILLUMINATING  ENGINEERING— A  NEW  PROFESSION. 


BY  ARTHUR  H,  FORD. 

Since  the  time  of  the  cave  dwellers  men  have  found  artificial  illu- 
mination a  convenience  if  not  a  necessity;  but  only  within  the  present 
century  has  the  design  of  illumination  system  been  considered  for  such  im- 
portance as  to  become  a  special  branch  of  engineering.  In  fact  the  first 
American  college  course  bearing  the  name  illumination  was  planned 
and  taught  by  the  writer  in  1901.  This  was  given  at  the  University 
of  Colorado  and  occupied  two  periods  a  week  for  a  semester.  The 
profession  is  so  new  that  it  is  not  mentioned  in  even  the  most  recent 
dictionaries;  so  it  is  thought  that  it  will  be  of  interest  to  the  members 
of  the  Iowa  Academy  of  Science  to  learn  of  the  problems  of  the  illu- 
minating engineer  and  the  materials  with  which  he  works. 

Roughly  the  problems  may  be  divided  into  those  of  interior  and  ex- 
terior illumination;  the  variety  and  number  of  the  former  being  far 
greater  than  the  latter.  It  would  seem  to  be  a  simple  thing  to  light 
a  lecture  hall,  for  example,  so  that  it  would  be  satisfactory  for  the 
purpose  desired ;  but  such  is  not  the  case,  as  the  illumination  of  audi- 
ence rooms  is  among  the  most  difficult  problems  presented  for  solu- 
tion. The  requirements  of  such  a  place  are  that  the  speaker's  face 
shall  be  so  illuminated  that  the  persons  in  the  audience  can  see  his 
expressions  distinctly;  next  the  audience  shall  be  so  illuminated  that 
the  speaker  can  see  the  effect  of  his  words  and  so  get  the  proper  reac- 
tion; and  finally  the  intensity  and  color  of  the  illumination  shall  be 
such  the  the  audience  is  in  the  proper  frame  of  mind.  It  is  thus  seen 
that  before  the  problem  can  be  stated  physically,  in  terms  of  illu- 
mination, it  must  be  solved  as  a  problem  of  psycho-physiology,  from  the 
primary  data  of  the  effect  of  light  on  speaker  and  audience.  As  an 
illustration  of  the  above  statement  the  writer  would  call  your  atten- 
tion to  the  instances  where  you  have  attended  church  in  the  evening 
and  been  made  drowsy ;  supposedly  by  the  dull  sermon  when  as  a  matter 
of  fact  it  was  by  the  bright  choir  lights  which  were  within  the  range 
of  your  vision. 
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Having  determined  the  intensity  of  illumination  required;  the  next 
problem  is  to  select  the  illuminant  which  will  give  most  nearly  the 
desired  effect.  As  the  effect  is  determined  as  much  by  color  as  by  in- 
tensity and  color  can  be  modified  by  the  use  of  colored  globes,  the 
choice  of  an  illuminant  for  a  given  case  is  determined  largely  by  avail- 
ability and  convenience.  Owing  to  the  almost  universal  use  of  electric 
power  and  the  great  variety  and  convenience  of  electric  lamps  they  are 
usually  given  the  preference,  though  they  are  surpassed  in  cheapness 
by  gas  and  oil  lamps.  The  intensity  of  illumination  produced  by  a 
given  set  of  light  sources  may  be  calculated  exactly;  so  this  part  of 
the  problem  is  comparatively  simple,  except  as  architectural  features 
may  interfere  with  the  desired  location  of  the  lamps. 

This  brings  up  the  third  part  of  the  problem;  the  relation  of  illu- 
mination and  lamp  supports  to  architecture.  A  room  may  be  made  or 
marred,  artistically,  by  either  the  lamp  supports  or  the  illumination. 
No  doubt  each  of  you  can  recall  an  instance  of  a  room  which  was  har- 
monious as  to  every  decoration  but  which  was  equiped  with  lamp  fix- 
tures which  did  not  match  the  decorations  and  so  spoiled  an  otherwise 
pleasing  effect ;  or  a  room  which  was  well  proportioned  by  daylight  but 
which  looked  all  out  of  proportion  by  artificial  light,  due  to  the  effect 
of  the  change  in  the  position  of  the  shadows.  The  lamps  and  their  sup- 
ports should  be  such  that  the  occupants  of  a  room  are  not  conscious  of 
them  except  as  part  of  the  general  scheme  of  decoration. 

Fourth  and  last  the  installation  must  be  economical  in  first  cost  and 
operation.  This  does  not  necessarily  mean  that  it  must  be  cheap,  for 
in  many  cases  cheapness  is  not  economy  but  waste ;  as  in  the  case  of  a 
poorly  lighted  shop  where  the  decreased  efficiency  of  the  workmen,  due 
to  the  poor  light,  involves  a  greater  expense,  per  unit  of  product,  than 
an  adequate  lighting  system. 

The  materials  with  which  the  illuminating  engineer  deals,  lamps  of 
various  kinds,  have  been  studied  longer  than  either  the  psycho-physi- 
ological or  the  architectural  sides  of  the  profession  and  are  less  vari- 
able ;  so  their  characteristics  are  well  known.  Lamps  may  be  roughly 
divided  into  open  flame  lamps  (torches,  oil  lamps,  open  gas  flames)  ; 
flame  heated  incandescent  lamps  (mantle  gas  and  oil  lamps)  ;  electrically 
heated  incandescent  lamps  (carbon  and  tungsten  electric  lamps)  ;  and 
electric  arcs  (carbon  arcs,  metallic  arcs,  flame  arcs).  Of  these  the 
electric  arcs  are  the  most  efficient;  though  the  best  of  them  have  an 
efficiency  of  only  about  15%,  which  is  about  2.5  times  that  of  the 
tungsten  incandescent  lamp  and  150  times  that  of  the  mantle  gas  lamp. 

While  illuminating  engineering  has  been   done  in  the  past  and  is 
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being  done  at  present  by  architects  and  engineers  who  do  not  specialize 
along  this  line;  yet  even  the  above  brief  discussion  shows  that  the  solu- 
tion of  the  larger  problems  requires  knowledge  and  skill  beyond  those 
possessed  by  the  average  architect  and  engineer;  and  therefore  the 
profess-ion  of  illuminating  engineering  has  come  into  existance.  The 
field  of  the  illuminating  engineer  is  the  design  of  illuminating  systems 
which  will  satisfy  the  user  from  both  the  utilitarian  and  aesthetic 
standpoints  and  at  the  same  time  be  practical  from  the  financial  stand- 
point. 

The  rapid  growth  of  the  profession  is  shown  by  the  membership  of 
the  Illuminating  Engineering  Society,  which  is  only  five  years  old, 
being  1530;  of  which  61%  are  engaged  in  supplying  electrical  eneregy, 
21.3%  in  supplying  illuminating  gas,  5.4%  in  the  making  of  fixtures 
and  globes,  4.7%  in  teaching,  .8%  are  architects  and  .3%  are  illuminat- 
ing engineers,  leaving  an  unclassified  remainder  of  6.5%.  The  mem- 
bers of  the  society  have  held  35  technical  meetings  during  the  past 
year. 

The  general  interest  in  illuminating  problems  is  shown  by  the  fact 
that  there  is  a  monthly  magazine,  of  no  mean  proportions,  which  is 
devoted  exclusively  to  the  field  of  illumination  and  both  the  gas  and 
electrical  engineering  magazines  devote  considerable  space  to  this  field. 


THE   DOPPLER  EFFECT   IN  ELECTRODLESS   DISCHARGE. 


BY  FRANK  F.   ALMY. 

(Abstract.) 

It  would  appear  that  if  the  source  of  luminosity  is  in  motion  in  the 
ring  electrodeless  discharge,  that  there  should  be  a  broadening  of  the 
spectral  lines  when  viewed  in  the  lirle  of  motion. 

A  spherical  bulb  5I/2  inches  in  diameter  after  having  been  thoroughly 
washed  with  hydrogen,  was  filled  with  hydrogen  at  a  pressure  of 
0.15  mm.  The  spectrum  showed  no  air  lines.  This  bulb  was  used  as 
the  secondary  of  a  Tesla  transformer  and  when  in  action  showed  a 
luminous  diametral  ring  about  2  inches  deep. 

From  the  data  at  hand,  if  the  luminous  source  was  moving  with  the 
maximum  velocity  which  the  positive  ions  should  acquire  in  the  ring 
discharge  there  should  be  a  broadening  of  the  hydrogen  lines  of  the 
spectrum,  due  to  the  Doppler  effect  when  viewed  in  line  of  motion, 
amounting  to  1  Angstrom  unit. 

The  spectrum  was  examined  by  means  of  large  Rowland  concave 
grating  capable  of  showing  easily  one-fiftieth  of  this  effect.  The  spectra 
were  photographed  when  the  light  came  off  tangential  to  the  ring  dis- 
charge and  again  with  the  light  coming  radially  from  the  ring  dis- 
charge. There  was  no  observable  difference  in  the  character  or  posi- 
tion of  the  spectral  lines  in  the  two  positions. 

There  can  be  no  question  that  the  ions  acquire  considerable  velocities 
in  the  electrodeless  ring  discharge;  and  that  these  velocities  will  alter- 
nate in  direction  with  the  alternations  of  electric  force  in  the  Tesla 
transformer.  The  inference  would  seem  to  follow  that  the  luminosity 
of  the  electrodeless  discharge  does  not  occur  when  the  velocity  of  ions  is 
large,  but  rather  at  the  ends  of  their  paths  at  the  time  that  the  direction 
of  their  motion  is  reversed. 


THE  ACTION  OF   EPINEPHRIN  UPON   THE   MUSCLE   TISSUE 
OF  THE  VEIN. 


BY   J.   T.    M'CLINTOCK. 

The  physiology  of  the  venous  circulation  has,  in  comparison  to  that 
of  the  arterial,  received  very  little  consideration.  It  has  been  looked 
upon  as  a  circulation  carried  on  in  a  system  of  inert,  elastic  tubes, 
carrying  the  blood  back  to  the  heart  from  the  periphery  and  without 
much,  if  any,  physiological  action  on  the  part  of  the  venous  wall  in 
the  process.  We  are  in  the  habit  of  looking  to  the  heart,  the  arterial 
tension  and  the  skeletal  muscle  action  as  being  the  forces  driving  the 
blood  thi'ough  the  venous  system. 

The  venous  part  of  the  circulation  is  of  equal  importance  to  the 
arterial,  for  under  the  conditions  as  they  exist  the  one  cannot  be  with- 
out the  other  and  it  is  hardly  to  be  expected  that  in  so  important  a 
process  the  tissue  would  be  left  with  only  the  physical  force  of  elas- 
ticity upon  which  to  depend  for  meeting  the  variable  conditions  to 
which  it  must  be  sulijected.  The  attention  now  being  given  to  the  study 
of  the  venous  circulation  and  the  physiological  activities  of  the  venous 
wall  has  already  given  us  a  better  understanding  of  phenomena  con- 
nected with  the  general  circulation  and  has  changed  our  explanations 
of  some  of  them. 

One  of  the  most  important  of  the  problems  connected  with  the  gen- 
eral circulation  is  that  of  surgical  shock,  a  conditions  which  has  been 
commonly  described  as  being  primarily  the  result  of  an  alteration  in 
the  arterial  portion  of  the  circulation  but  the  better  understanding  of 
the  venous  circulation  leads  us  to  place  the  phenomena  as  of  venous 
origin  and  not  arterial.  It  was  in  carrying  out  some  experiments  as 
to  the  true  nature  of  shock  that  the  experiments  here  reported  were 
undertaken. 

In  shock  the  condition  which  has  been  most  commonly  accepted  is  one 
of  extreme  low  arterial  tension  resulting  from  a  more  or  less  complete 
fatigue  of  the  vaso-constrictor  centres.  The  natural  constricting  im- 
pulses to  the  arteries  then  fail  to  pass  through  the  centres,  and  without 
these  impulses  the  arteries  dilate  and  a  low  blood  pressure  results. 


126  IOWA  ACADEMY  OF  SCIENCE 

The  experiments  of  Henderson,  Porter,  Seelig  and  others  show  that 
the  condition  of  the  artery  in  shock  is  one  of  extreme  constriction  and 
the  low  blood  pressure  is  the  result  of  a  venous  stasis  brought  about 
by  venous  dilatation  from  a  loss  of  tonus  in  the  venous  wall. 

The  use  of  epinephrin,  or  under  the  proprietary  name  adrenalin,  has 
been  widely  recommended  in  conditions  of  shock  because  of  its  stimu- 
lating effect  upon*  the  circular  muscle  of  the  arterial  wall,  constriction 
of  the  vessel  follows  this  stimulation  and  an  elevation  of  the  blood 
pressure  is  thus  brought  about. 

Under  the  extreme  condition  of  arterial  constriction  described  by 
Prof.  Henderson  to  exist  in  shock,  the  beneficial  effects  of  epinephrin 
must  be  accounted  for  in  some  other  way  than  by  any  action  upon  the 
already  over  constricted  artery.  In  the  discussions  upon  the  effect 
of  ephinepherin  in  causing  a  rise  of  blood  pressure  its  action  upon  the 
arterial  wall  alone  as  has  been  considered  and  we  have  found  no  state- 
ments as  to  its  effect  upon  the  venous  wall  although  we  find  smooth 
muscle  here  as  in  the  artery  but  of  course  not  to  anything  like  the 
amount.  To  obtain  some  direct  evidence  as  to  the  action  of  epinephrin 
upon  the  vein  and  thus  possibly  upon  the  blood  pressure  the  following 
experiments  were  undertaken : 

From  an  anesthetised  dog  rings  %  inch  wide  were  cut  from  the 
external  jugular  vein.  Two  such  rings  of  the  vein  were  used  at  a 
time,  one  for  control  and  one  to  show  the  action  of  the  drug.  The 
rings  were  connected  to  light  writing  levers  in  such  a  way  that  any 
contraction  as  would  produce  a  constriction  of  the  vessel  would  cause 
an  elevation  of  the  writing  point  and  this  would  be  recorded  upon  the 
surface  of  a  smoked  drum  revolving  at  a  very  slow  speed.  The  time  in- 
volved from  the  removal  of  the  tissue  until  the  proper  connections  to 
the  writing  lever  had  been  made  and  the  tissue  immersed  in  the  whipped 
blood  of  the  same  animal  was  not  more  than  two  or  three  minutes  and 
the  tissue  was  still  irritable  and  free  from  post  mortem  changes. 

After  imersion  a  record  of  the  position  of  the  two  levers  was  made 
lasting  for  from  2  to  8  minutes  in  different  experiments.  After  thus 
establishing  a  normal,  quiet  condition  in  the  two  rings  a  few  drops  of 
a  1-1,000  solution  of  adrenalin  was  added  to  the  blood  containing  one 
of  the  immersed  rings  of  the  vein.  The  concentration  of  the  adrenalin 
in  blood  was  about  1-100,000.  The  curves  in  figures  I  and  II  show  a 
rather  sudden  elevation  of  the  lever  following  a  latent  period  of  about 
one  minute  after  the  addition  of  the  epinephrin  and  the  contraction 
lasting  for  an  indefinite  period  before  relaxation  took  place.  Upon 
direct  inspection  of  the  vein  we  found  it  contracted  so  as  to  have  a 
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lumen  of  1-2  to  1-3  that  of  the  control  while  they  were  of  the  same 
size  at  the  beginning  of  the  experiment.  This  experiment  was  repeated 
a  sufficient  number  of  times  to  give  us  conclusive  evidence  that  the 
muscle  tissue  of  the  vein  is  stimulated  by  the  adrenalin  and  that  it  will 
cause  in  the  excised  external  juglar  vein  a  marked  constriction  of  the 
lumen. 

Theoretically  this  i.s  what  we  should  expect  as  the  muscle  tissue  which 
is  present  in  the  vein  i,o  well  supplied  with  sympathetic  nerve  fibres, 
and  according  to  the  work  of  Thompson,  Langley  and  Bancroft,  they 
have,  when  stimulated  a  true  constricting  influence  upon  the  vein.  It 
has  been  further  shown  that  the  action  of  epinephrin  is  similar  to  the 
effect  of  stimulating  the  sympathetic  fibres  supplying  the  muscle  tis- 
sue. Thus  in  the  circulatory  system  it  is  a  constrictor  influence  while 
in  the  intestines  it  causes  a  relaxation  of  the  muscle.  If  the  analogy 
between  sympathetic  action  and  epinephrin  is  correct  the  contraction 
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of  the  vein  should  be  expected  and  this  is  what  we  have  found  from 
our  experiments. 

The  intravenous  injection  of  epinephrin  into  the  intact  vein  has  not 
as  yet  shown  any  rise  in  the  venous*  pressure  as  far  as  experimental 
evidence  goes.  Prof.  Henderson  in  the  American  Journal  of  Physiology 
of  November,  1910,  reports  that  he  has  been  unable  to  produce  any 
change  in  venous  pressure  by  the  use  of  epinephrin,  while  he  has  been 
able  to  do  so  with  the  use  of  COo. 

There  are,  however,  many  factors  which  must  be  taken  into  consid- 
eration before  a  final  statement  can  be  made.  The  fact  that  slight 
changes  of  increased  pressure  are  easily  compensated  for  by  the  di- 
lation of  the  very  extensive  and  elastic  venous  structure ;  in  fact 
that  in  venous  circulation  we  have  practically  at  one  end,  the  cardiac, 
an  open  channel  and  thus  the  easy  escape  of  blood  will  prevent 
any  marked  change  in  the  venous  pressure  unless  the  contraction  of 
the  vessels  is  maintained  for  some  time,  this  epinephrin  does  not  seem 
to  do  as  its  action  only  lasts  for  a  comparatively  short  time.  The  ar- 
rangement of  the  muscle  structure  found  in  the  veins  is  also  of  im- 
portance in  considering  possible  changes  in  blood  pressure  which  can 
be  produced  by  the  contraction  of  the  venous  wall.  While  we  do  find 
in  most  veins  some  circular  muscle  fibres  the  extent  of  such  fibres  is 
very  small  and  they  are  much  scattered  over  the  vein.  The  arrange- 
ment of  muscle  is  mostly  in  a  longitudinal  direction  and  thus  the 
stimulation  of  the  muscle  while  it  may  produce  a  slight  contraction  of 
the  circular  fibres  has  most  effect  in  shortening  the  vessel  and  in  the 
establishment  of  a  more  rigid  wall  rather  than  in  the  constriction  of 
the  lumen  and  the  elevation  of  blood  pressure. 

Further  experiments  are  needed  before  the  true  eft'ect  of  the  in- 
jection of  epinephrin  into  the  intact  vein  is  determind.  For  while  it 
may  cause  the  constriction  of  the  excised  vein  this  effect  as  far  as 
producing  changes  in  blood  pressure  may  be  lost  because  of  a  greater 
and  more  effective  change  in  some  other  direction  when  the  intact  veins 
are  taken  together  as  a  whole. 

In  conclusion  we  may  say.- 

1.  Experiments  are  here  reported  that  show  that  epinephrin  will 
cause  the  constriction  of  the  excised  external  jugular  vein,  similar  to 
its  effect  upon  the  arterial  wall. 

2.  That  while  intravenous  injection  may  cause  the  constriction  of 
some  veins  the  lack  of  circular  muscle,  in  many  veins  prevents  its  uni- 
form action  throughout  the  venous  system. 
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3.  The  beneficial  effect  of  intravenous  injection  of  epinephrin  in 
conditions  of  low  blood  pressure  with  a  constricted  arterial  system  may 
be  due  to  the  establishment  of  a  more  rigid  venous  wall  by  the  con- 
traction of  the  longitudinally  place  muscle  fibres  in  the  veins. 

4.  More  experimental  evidence  is  needed  along  these  lines  to  estab- 
lish the  true  physiological  action  of  the  venous  wall  as  a  force  in  the 
circulation. 


THE   PERIPHERAL  DISTRIBUTION   OF   THE    CRANIAL 
NERVES  OF  NECTURUS  MACULATUS. 


BY   H.   W.   NORRIS  AND   MARGARET  BUCKLEY. 

Although  Nectums  is  so  commonly  used  in  laboratory  courses  of 
vertebrate  dissection  there  have  been  few  attempts  made  to  give  a  sys- 
tematic account  of  its  cranial  nerves.  Laboratory  guides  and  outlines 
still  adhere  to  an  antiquated  nomenclature  in  reference  to  the  nervous 
system  of  Necturus,  for  which  procedure  there  is  little  excuse  in  the 
light  of  the  work  that  has  been  done  already  on  the  nervous  systems  of 
other  Urodela. 

The  oldest  account  we  have  of  the  cranial  nerves  of  Necturus  seems 
to  be  that  of  Fischer  (1864).  From  the  figures  which  he  gives  it  is 
evident  that  there  has  been  little  added  to  our  knowledge  of  the  gen- 
eral topography  of  the  fifth,  seventh,  ninth  and  tenth  nerves  since  his 
contributions  were  made.  The  origins  of  the  cranial  nerves  were  de- 
scribed with  great  care  and  accuracy  by  Kingsbury  (1895)  in  his  paper 
on  the  brain  of  Necturus.  Druner  (1902)  has  given  a  very  thorough 
description  of  the  seventh,  ninth,  tenth  and  hypoglossal  nerves  in  their 
relation  to  the  branchial  arches  and  the  connected  musculature.  The 
development  of  the  peripheral  nervous  system  in  Necturus,  particu- 
larly of  the  lateral  line  system,  has  been  made  known  through  the  ob- 
servations of  ]Miss  Piatt  (1896).  To  the  present  time  there  has  ap- 
peared no  systematic  account  of  the  nerve  components  in  Necturus. 
To  supply  this  information  this  paper  is  a  preliminary  attempt. 

The  descriptions  in  this  paper  are  based  largely  upon  studies  made 
with  serial  sections  of  larvae  of  35  mm.  in  length.  The  material  was 
fixed  in  vom  Rath's  pico-aceto-platino-osmic  mixture,  and  sectioned  in 
the  three  conventional  planes.  Plottings  of  the  cranial  and  first  and 
second  spinal  nerves  were  made  upon  the  sagittal  plane,  enlarged  about 
250  times. 

In  general  it  may  be  said  that  the  cranial  nerves  of  Necturus  do  not 
indicate  a  primitive  or  ancestral  condition.  Rather  they  conform  very 
closely  to  the  arrangement  in  the  Salamandridae  as  it  has  been  de- 
scrilicd  in  Amblj^stoma  (Coghill,  1902)   and  Spelerpes  (Bowers,  1900). 
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In  fact,  the  resemblances  to  the  condition  in  the  latter  form  are  very 
close  and  suggestive. 

Kingsbury  (1895)  describes  the  olfactory  nerve  of  the  adult  Necturus 
as  arising  "from  the  ventro-lateral  angle  of  the  olfactory  lobes  as  a 
single  root."  By  the  study  of  horizontal  sections  the  writers  have 
found  that  the  olfactory  glomeruli  show  an  evident  arrangement  in  two 
groups ;  a  posterior  dorsal  and  an  anterior  ventral  group.  Correspond- 
ing there  are  two  groups  of  fibers  or  roots,  which  very  soon  combine 
to  form  the  long  olfactory  nerve.  From  the  interweaving  of  the  fibers 
it  is  impossible  to  correlate  the  distribution  of  the  divisions  of  the 
olfactory  nerve  with  their  origin  from  the  brain.  In  a  larval  Necturus 
of  35  mm.  length  the  olfactory  capsule  lies  lateral  and  but  little  an- 
terior to  the  olfactory  lobe,  and  in  consequence  the  olfactory  nerve  is 
short.  It  passes  through  the  cranial  wall  by  three  apertures,  one  dor- 
sal and  posterior  and  the  other  two  more  ventral  and  anterior.  The 
fibers  that  pass  through  the  posterior  opening  supply  chiefly  the  pos- 
terior dorsal  and  lateral  olfactory  epithelium,  some'  branches  also  pass- 
ing along  the  median  nasal  wall  well  toward  the  anterior  portion.  The 
nerves  passing  through  the  anterior  openings  supply  the  anterior  part 
of  the  olfactory  epithelium.  The  arrangement  of  the  glomeruli  into 
anterior  and  posterior  groups  is  not  as  evident  as  in  the  adult.  The 
arrangement  of  the  glomeruli  in  the  adult  is  strongly  suggestive  of  the 
condition  described  by  Lee  (1893)  in  Spelerpes  fuscus  and  Salaman- 
drina  perspicillata.  where  he  finds  two  distinct  groups  of  glomeruli 
with  two  olfactory  roots.  In  Spelerpes  bilineatus  the  writers  have 
found  the  two-fold  grouping  of  the  glomeruli  even  more  evident  than 
in  Necturus,  and  as  in  the  latter  more  distinct  in  the  adult  than  in  the 
larva.  It  is  evident  that  the  contention  of  Lee  that  this  double  nature 
of  the  olfactory  nerve  in  many,  if  not  all.  Amphibia  has  nothing  to  do 
with  the  innervation  of  Jacobson's  organ,  is  well  founded  for  in  Nec- 
turus the  latter  organ  is  absent. 

No  account  is  here  given  of  the  optic  and  the  eye-muscle  nerves  in 
Necturus.  Their  poorly  developed  condition  has  rendered  the  study 
of  the  eye-muscle  nerves  difficult,  and  a  report  on  them  is  deferred  to  a 
later  time. 

The  trigeminal  nerve  has  few  characteristics  worthy  of  especial  men- 
tion. Its  general  cutaneous  elements  are  distributed  to  four  nerves: 
(1)  the  ramus  mandibularis,  (2)  the  ramus  ophthalmicus  profundus, 
(3)  the  so-called  ramvis  maxillaris  that  joins  the  r.  buccalis  VII,  (4)  a 
small  component  that  passes  into  the  r.  ophthalmicus  superficialis  VII. 
A  small  branch  of  the  r.  mandibularis  enters  a  canal  in  the  lower  jaw 
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and  comes  into  intimate  relation  with  a  branch  of  the  r.  alveolaris  VII, 
although  no  actual  anatomosing  was  demonstrated.  An  anastomosis  be- 
tween these  two  branches  occurs  in  Amblystoma  (Coghill,  1.  c),  Am- 
phiuraa  (Norris,  1908),  Plethodon  (Norris,  1909),  and  Spelerpes,  al- 
though jNIiss  Bowers  failed  to  find  it  in  the  latter.  The  r.  oph.  prof, 
after  gi"\dng  off  a  dorsal  branch  at  the  median  border  of  the  posterior 
part  of  the  eyeball  divides  into  the  three  terminal  branches  that  seem 
characteristic  of  the  Urodela.  The  ophthalmic-palatine  anastomosis 
appears*  to  resemble  that  described  by  Coghill  (1906)  in  Triton,  but  its 
exact  nature  could  not  be  determined  in  the  material  available  for 
stud}'.  In  the  dorsal  branch  of  the  r.  oph.  prof,  referred  to  above  the 
trochlear  nerve  seems  to  pass  to  its  innervation  of  the  superior  oblique 
muscle,  but  where  it  enters  the  ophthalmic  branch  was  not  determined. 
This  relation  seems  to  be  almost  identical  with  that  in  Spelerpes.  The 
infra-orbital  trunk  formed  by  the  union  of  the  r.  maxillaris  V  and 
the  r.  buccalis  VII  is  similar  to  the  corresponding  trunk  in  Amblystoma 
and  Spelerpes.  General  cutaneous  fibers  entering  the  r.  oph.  spf.  VII 
have  been  reported  in  Amphiuma  (Norris,  1908),  Siren  (Norris,  1910, 
1911).  In  young  adults  of  Plethodon  glutinosus  shortly  after  the  meta- 
morphosis and  loss  of  the  lateral  line  system  a  small  general  cutaneous 
nerve  can  be  found  passing  antero-dorsally  out  of  the  gasserian  gang- 
lion along  a  course  that  must  have  been  occupied  by  the  r.  oph.  spf. 
VII  of  the  larval  stage  (Norris,  1909).  Coghill  does  not  report  such 
fibers  in  Amblystoma  nor  does  Miss  Bowers  distinguish  them  in  Spe- 
lerpes. 

The  facial  nerve  shows  the  six  characteristic  rami:  (1)  ramus  oph- 
thalmicus superficialis,  (2)  ramus  buccalis,  (3)  ramus  mentalis,  (4) 
ramus  alveolaris,  (5)  ramus  palatinus,  and  (6)  ramus  jugularis.  The 
first  three  have  the  characteristic  distribution  to  the  neuromasts  of  the 
head.  The  ventral  lateral  line  ganglion  is  almost  wholly  outside  the 
skull  and  sharply  distinguishable  from  both  the  auditory  ganglion,  and 
the  gasserian  ganglion.  The  ramus  communicans  from  the  IX-X  nerves 
contains  l)oth  general  cutaneous  and  communis  components.  It  sends 
its  general  cutaneous  fibers  into  the  r.  jugularis  and  its  communis  fibers 
into  the  r.  alveolaris,  resembling  in  this  respect  the  ramus  communi- 
cans in  Amblystoma  and  Spelerpes.  Miss  Bowers,  however,  recognized 
only  general  cutaneous  fibers  in  the  r.  communicans.  As  noted  by 
previous  writers  the  r.  jugularis  paerses  dorsal  to  the  squamoso-columel- 
lar  ligament.  A  truncus  hyomandibularis  can  hardly  be  said  to  exist 
in  Necturus  as  the  motor  components  of  the  facial  nerve  take  their 
departure  at  the  exit  of  the  main  nerve  from  the  skull.     As  to  the  ex- 
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istence  of  a  distinct  Jacobson's  commissure  the  evidence  is  not  con- 
vincing. It  is  certain  that  pharyngeal  branches  of  the  ninth  nerve 
come  into  close  proximity  with  the  posterior  part  of,  or  branches  of,  the 
r.  palatinus;  apparently  there  is  an  anastomosing  of  branches. 

The  glossopharyngeal — vagus  complex  in  Necturus  gives  little  evi- 
dence of  being  in  a  primitive  condition.  The  three  branchial  nerves  in- 
volved have  been  described  by  both  Fischer  (1.  c.)  and  Druner  (1.  c.) 
with  an  accuracy  that  needs  little  comment.  The  glossopharyngeal  or 
first  branchial  nerve  shows  characteristic  pharyngeal,  pretrematic  and 
posttrematic  rami.  It  also  sends  a  general  cutaneous  and  motor  branch 
that  anastomoses  with  the  second  branchial  nerve.  The  second  bran- 
chial nerve  (vagus  1)  has  well  developed  pharyngeal,  pretrematic  and 
posttrematic  rami.  One  motor  and  general  cutaneous  branch  supply- 
ing the  levator  and  depressor  muscles  of  the  first  gill  and  the  overly- 
ing skin  receives  the  above-mentioned  anastomosis  from  the  ninth 
nerve ;  other  branches  supply  the  levator  and  depressor  muscles  of  the 
second  gill;  an  anastomosis  occurs  with  the  third  branchial  nerve  form- 
ing the  innervation  of  the  levator  and  depressor  muscles  of  the  third 
gill.  The  third  branchial  nerve  (vagus  2)  is  very  much  reduced.  In 
it,  however,  may  be  recognized  pretrematic  and  posttrematic  rami  of 
communis  fibers  only,  while  the  main  part  of  the  nerve  forms  an  ana- 
stomosis with  a  branch  of  the  second  branchial  nerve  as  previously  men- 
tioned. These  anastomoses  between  the  branchial  nerves  in  Necturus 
are  seen  to  be  homologous  to  similar  structures  in  Amblystoma.  They 
also  occur  in  Spelerpes,  but  were  overlooked  by  Miss  Bowers.  They 
are  not  found  in  Siren.  The  ramus  communicans  from  the  IX-X  to 
the  VII  nerve  contains  in  addition  to  the  general  cutaneous  fibers  a 
small  communis  component,  the  distribution  of  which  has  been  de- 
scribed. The  r.  supra-temporalis  arises  from  the  ganglion  along  with 
the  motor  nerve  for  the  levator  muscle  of  the  first  branchial  arch,  in 
the  manner  described  by  Druner.  The  r.  auricularis  X  has  the  usual 
origin  and  distribution,  being  composed  of  general  cutaneous  and  lat- 
eral line  fibers.  The  rami  laterales  dorsalis  et  medius  are  as  in  other 
Urodela.  The  ramus  intestino-accessorius  X  divides  into  three  typical 
branches:  r.  lateralis  ventralis,  r.  intestinalis  recurrens,  and  r.  in- 
testinalis.     There  seem  to  be  unusual  features  in  their  distribution. 

Fischer  states  that  the  hypoglossal  nerve  in  Necturus  is  formed  from 
branches  of  the  second  and  third  spinal  nerves.  Druner  affirms  that  it 
is  the  first  and  second  spinal  nerves  that  contribute  to  its  formation. 
The  statement  of  Druner  is  confirmed,  but  the  writers  find  that  a  small 
branch  of  the  third  spinal  nerA^es  seems  to  unite  with  the  trunk  formed 
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by  the  union  of  branches  from  the  first  and  second.     In  Necturus  the 
two  anterior  spinal  nerves  lack  ganglia. 
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THE    RANK    OF    NECTURUS    AMONG    THE    TAILED    AMPHI- 
BIANS AS  INDICATED  BY  THE  DISTRIBUTION 
OF  ITS  CRANIAL  NERVES. 


BY  H.  W.  NORRIS. 

That  "the  Proteidae  constitute  the  most  primitive  of  the  Urodeles" 
(Holmes,  1906)  is  generally  accepted  as  an  established  fact.  But  here 
and  there  one  tinds  dissenting  opinions  from  this  particular  view. 
Kingsbury  (1905)  has  given  some  very  instructive  and  suggestive  com- 
parisons, chiefly  of  skeletal  features,  between  Necturus  and  typical  Uro- 
dela  showing  that  Necturus  and  the  larval  stages  of  Spelerpes  have  so 
many  characters  in  common  that  the  similarities  must  stand  for  some 
degree  of  close  relationship.  His  conclusions  are  expressed  as  follows: 
"I  believe  that  the  characters  in  the  cranium  of  Necturus  that  are  dis- 
cussed here  are  those  that  are  also  characteristic  of  the  larvae  of  many 
tailed  Amphibia,  especially  of  certain  forms  (family  Plethodontidae), 
and  that  the  acceptance  of  Necturus  as  a  permanent  larva  best  ex- 
plains at  present  these  features."  Moodie  (1908a)  in  his  studies  on  the 
lateral  line  system  of  the  extinct  Amphibia  cites  Kingsbury  as  evidence 
in  these  words :  "Kingsbury  has  expressed  it  as  his  opinion  that  Necturus 
is  a  primitive  form."  It  is  difficult  to  reconcile  this  statement  Avith  the 
above  ((notation  from  Kingsbury.  ^loodie  draws  his  own  conclusions  as  to 
the  zoological  position  of  Necturus  from  the  arrangement  of  the  lateral 
line  organs  on  the  tail.  According  to  him  Necturus  is  the  only  modern 
amphibian  in  which  the  median  and  dorsal  lateral  lines  of  the  trunk 
extend  to  the  extreme  tip  of  the  tail,  in  this  respect  resembling  certain 
of  the  Stegocephali.  In  view  of  our  meager  knowledge  of  the  distribu- 
tion of  the  lateral  line  organs  on  the  trunk  of  modern  amphibians  the 
writer  does  not  feel  justified  in  criticising  this  opinion  of  Moodie.  It 
may  be  noted  here  incidentally  that  Moodie  (1908b)  considers  the  tailed 
amphibians  as  the  degenerate  descendants  of  the  Branchiosauria. 

Druner  (1904)  cites  Boas  (to  whose  paper  the  writer  has  not  had 
aj3cess)  to  this  effect:  "dass  Siren,  Menobranchus  (Necturus)  und 
Proteus  Larvenformen  seien,  welche  von  Caducibranchiaten  Urodelen 
abstammen,  die  einst  eiiie  Umwandlungen  besassen  and  erst  spater  zum 
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ausschliesslichen  Wasserleben  zuruckkehrten. "  Druner  says  fa;'ther: 
"Die  Perennibranchiaten  sind  eben  Larvenformen  ebenso  wie  die  Lar- 
venformen  der  Salamandriden  und  Siredon,  welche  in  der  Phylogenie 
des  Urodelenstammes  niemals  realitat  besessen  haben." 

Recently  Ganpp  (1911)  in  reference  to  the  reduction  of  the  prim- 
ordial cranium  in  Necturus  says:  "Als  'primitiv'  wird  man  dieses 
Verhalten  wohl  nicht  bezeiehnen  konnen. " 

Miss  Emerson  (1905)  from  her  studies  on  Typhlomolge  concludes 
that  the  latter,  which  was  placed  by  Stejneger  (1895)  among  the  Pro- 
teidae  with  Proteus  and  Necturus,  "should  be  classed  with  Spelerpes 
in  the  family  Salamandridae  and  the  subfamily  Plethodontinae. "  She 
believes  that  there  are  fundamental  differences  between  Typhlomolge 
and  the  Proteidae  in  just  those  respects  in  which  the  former  resembles 
Spelerpes,  and  that  to  place  Necturus  and  Proteus  in  the  same  family 
with  Spelerpes  is  untenable.  Wilder  in  a  foot-note  to  the  paper  by 
Miss  Emerson  expresses  the  opinion  that  Necturus  and  Proteus  can- 
not be  placed  among  the  Plethodontidae  "since  all  the  members  of  this 
family  are,  so  far  as  is  known,  lungless,  a  condition  which  allows 
Typhlomolge  to  be  included  within  this  family,  but  seems  to  exclude 
the  others." 

Cope  (1889)  derived  the  tailed  amphibians  from  the  Stegocephali  by 
way  of  the  Proteidae,  considering  the  Cryptobranchidae  as  next  higher 
in  rank. 

The  writer,  in  collaboration  with  Miss  Buckley,  in  tracing  the  origin 
and  distribution  of  the  cranial  nerves  in  Necturus  was  soon  convinced 
that  the  resemblances  to  the  conditions  in  Spelerpes  bilineatus  as  de- 
scribed by  Miss  Bowers  (1900)  were  far  from  superficial,  and  that  they 
signified  a  much  closer  relationship  than  has  been  suspected  hitherto. 
Basing  sweeping  changes  in  classification  upon  a  single  system  of  the 
body  is  a  dangerous  procedure,  but  the  nervous  system  is  very  con- 
servative and  whatevei*  evidence  it  offers  must  be  taken  into  considera- 
tion. The  following  comparisons  between  the  cranial  nerves  of  Nec- 
turus and  Spelerpes  are  based  upon  personal  investigations  in  both 
species,  the  paper  of  Miss  Bowers  being  found  defective  in  its  omis- 
sions and  errors. 

Lee  (1893)  has  shown  that  in  Spelerpes  fuscus  the  olfactory  glom- 
eruli are  in  two  groups,  an  anterior  ventral  and  a  posterior  dorsal, 
not  sharply  separated  from  each  other.  A  similar  arrangement  occurs 
in  S.  bilineatus  and  in  Necturus.  Horizontal  sections  through  the  olfac- 
tory lobes  of  the  adult  Necturus  show  that  the  olfactory  nerve  arises 
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by  two  distinct  roots  corresponding  to  the  arrangement  of  the  glom- 
eruli, but  that  the  fibers  so  combine  that  all  indications  of  their  origin 
are  lost  in  the  long  nerve  trunk.  Similarly  in  Spelerpes  it  is  impos- 
sible to  distinguish  between  the  anterior  and  posterior  groups  of  fibers 
in  their  destination.  The  absence  of  a  Jacobson's  organ  in  Necturus 
makes  an  important  difference  between  the  olfactory  nerve  of  that  form 
and  that  of  Spelerpes,  in  which  there  is  a  special  branch  to  the  struc- 
ture in  question.  Were  the  absence  of  a  Jacobson's  organ  in  the  Pro- 
teidae,  although  information  on  this  point  is  lacking  for  Typhlomolge, 
to  be  considered  a  larval  character,  there  would  still  remain  to  be  ex- 
plained the  occurence  of  a  well  developed  Jacobson's  organ  in  the 
perennibranch  Siren. 

In  Spelerpes  and  Necturus  the  gasserian  ganglion  is  distinct  from 
the  auditory  and  ventral  facial  ganglia,  in  marked  contrast  to  the 
condition  in  Amphiuma  and  Siren.  Tracing  out  the  three  rami  mandi- 
bularis,  ophthalmicus  profundus  and  maxillaris  to  their  l)ranches  there 
will  be  seen  very  close  resemblances  in  the  two  forms.  The  r.  md. 
gives  off  first  large  motor  branches  to  the  temporal  and  masseter  mus- 
cles, then  a  large  general  cutaneous  branch  to  the  side  of  the  head.  The 
main  nerve  continues  along  the  side  of  the  jaw  giving  off  three  to  five 
principal  branches  to  the  skin.  A  general  cutaneous  branch  enters  a 
canal  in  the  lower  jaw  from  the  dorsal  side  and  in  Spelerpes  fuses  with 
a  branch  of  the  r.  alveolaris  VI'I;  in  Necturus  the  actual  union  with 
the  latter  nerve  was  not  found  but  the  two  come  into  very  close  asso- 
ciation. A  branch  of  motor  and  general  cutaneous  composition  passes 
ventrally  through  the  lower  jaw  and  is  distributed  to  the  intermandi- 
bular  muscle  and  the  overlying  skin.  In  neither  Necturus  nor  Spe- 
lerpes does  there  seem  to  be  any  anastomosing  between  this  latter 
])rancli  and  the  r.  jugularis  VII  such  as  occurs  in  Amblystoma  (Cog- 
hill,  1902)  and  Plethodon  (Norris,  1909).  The  r.  oph.  prof,  in  both 
species  divides  into  four  main  branches.  Of  these  the  first  given  off 
runs  dorsally  at  the  inner  posterior  border  of  the  eyeball.  In  Spe- 
lerpes it  is  much  larger  and  arises  farther  posteriorly.  Its  more  pos- 
terioi-- position  in  the  latter  form  may  be  explained  by  the  fact  of  the 
much  larger  size  of  the  eyeball.  In  Spelerpes  the  trochlear  nerve 
passes  to  its  innervation  along  a  twig  of  this  dorsal  branch  of  the  r. 
oph.  prof.  An  almost  exactly  similar  course  seems  to  occur  in  Necturus. 
The  three  terminal  branches  of  the  r.  oph.  prof,  have  almost  identical 
modes  of  origin  and  distribution  in  the  two  species.  In  neither  form 
was  the  exact  nature  of  the  ophthalmic-palatine  anastomosis  deter- 
mined, owing  to  the  nerves  at  this  point  being  compressed.     The  ana- 


140  IOWA  ACADEMY  OF  SCIENCE 

stomosis  in  both  cases  seem  to  be  different  from  that  in  Amblystoma, 
Amphiuma  and  Siren,  and  much  like  that  described  by  Coghill  (1906) 
in  Triton.  The  r.  max.  in  both  Necturus  and  Spelerpes  leaves  the  gas- 
serian  ganglion  as  a  distinct  n«rve  but  almost  immediately  joins  the  r. 
buccalis  VII.  The  two  show  little  if  any  actual  fusion,  but  run  parallel 
to  each  other  antero-ventrally  around  the  ventro-lateral  border  of  the 
eyeball,  the  r.  maxillaris  on  the  inner  border  of  the  r.  bue.  At  the 
transverse  level  of  the  anterior  portion  of  the  eyeball  the  r.  max.  is 
given  off  in  a  number  of  branches,  while  the  r.  bue.  passes  anteriorly 
to  the  tip  of  the  snout.  This  origin  and  distribution  of  the  infra-orbital 
trunk  is  almost  identical  with  that  in  Amblystoma,  and  doubtless  is 
characteristic  of  the  Salamandridae.  In  Necturus  a  general  cutaneous 
component  enters  the  r.  ophthalmicus  superficialis  VII  from  the  gas- 
serian  ganglion.  The  writer  finds  no  such  component  in  Spelerpes,  al- 
though it  evidently  occurs  in  the  closely  related  genus,  Plethodon  (Nor- 
ris,  1909). 

Kingsbury  (1895)  describes  the  "dorsal  VII"  as  arising  from  the 
brain  by  two  rootlets  in  Necturus.  In  larvae  of  Necturus  35  mm.  in 
length  the  writer  finds  three  rootlets  of  this  nerve,  the  dorsal  of  which 
is  very  small  and  almost  amyelinic.  Similarly  in  the  larvae  of  Spelerpes 
there  are  three  rootlets  on  the  dorsal  VII,  the  most  dorsal  of  which  is 
extremely  small  and  barely  discernible.  In  Amphiuma  and  Siren  a 
similar  condition  is  found,  but  the  dorsal  rootlet  is  much  better  de- 
veloped. The  general  distribution  of  the  lateral  line  component  of  the 
seventh  nerve  is  almost  identical  in  the  two  species.  The  ramus  pala- 
tinus  VII  is  relatively  larger  in  Spelerpes.  The  ophthalmic-palatine 
anastomosis  has  already  been  mentioned.  A  definite  Jaeobson's  com- 
missure from  the  r.  pharyngeus  IX  to  the  r.  palatinus  occurs  in  both 
species  only  to  the  extent  mentioned  by  Druner,  that  is,  twigs  from  the 
r.  pharyngeus  anastomose  with  twigs  from  the  r.  palatinus.  This  is 
much  like  the  condition  in  Amblystoma,  only  more  difuse.  In  both 
Necturus  and  Spelerpes  the  r.  alveolaris  VII  receives  a  communis  com- 
ponent from  the  ramus  communicans  IX-X  and  VII,  in  this  respect 
resembling  Amblystoma,  and  differing  from  Amphiuma  and  Siren.  In 
Spelerpes  the  r.  alveolaris  after  reaching  the  vicinity  of  the  angle  of 
the  jaw  divides  sending  a  branch  into  a  canal  in  the  jaw  (Miss  Bowers 
to  the  contrary),  which  branch  unites  farther  anteriorly  with  a  branch 
of  the  r.  md.  V  already  described.  In  Necturus  the  alveolaris  does  not 
enter  a  canal  in  the  jaw,  but  does  come  into  close  relations  with  a 
branch  of  the  r.  md.  V  which  itself  enters  a  canal  in  the  jaw.  In  both 
Necturus  and  Spelerpes  owing  to  the  early  separation  of  the  r.  jugu- 


IOWA  ACADEMY  OF  SCIENCE  141 

laris  a  truncus  hyomandibularis  can  hardly  be  said  to  occur.  In  Neeturus 
the  r.  jugularis  passes  out  exteriorly  dorsal  to  the  squamoso-eolumellar 
ligament  and  the  dorso-lateral  border  of  the  cephalo-mandibular  por- 
tion of  the  depressor  mandibular  muscle.  In  Spelerpes  the  r.  jugu- 
laris passes  out  through  the  cephalo-mandibular  portion  of  the  dep. 
md.  muscle  and  ventral  to  the  above-mentioned  ligament.  In  other 
respects  the  ramus  has  the  same  course  and  distribution  in  the  two 
species 

It  is  in  the  branchial  nerves  that  we  may  look  for  some  of  the  great- 
est differences  between  the  larval  and  adult  nervous  system  of  any 
urodele  amphibian.  On  the  other  hand  we  find  between  the  IX-X  nerve 
complex  of  a  Neeturus  larva  of  35  mm.  length  and  of  an  adult  scarcely 
any  appreciable  differences.  At  both  periods  the  resemblances  to  the 
larval  Spelerpes  are  as  striking  as  in  the  other  cranial  nerves.  The 
ramus  communicans  according  to  Miss  Bowers  contains  general  cu- 
taneous fibers  only.  In  fact  it  has  a  communis  component  also.  As 
the  ramus  approaches  the  r.  jugularis  VII  it  divides,  the  general  cu- 
taneous part  joining  the  latter  ramus  and  the  communis  portion  pass- 
ing into  the  r.  alveolaris  YII.  In  Spelerpes  the  r.  communicans,  r. 
pharjmgeus  IX  and  r.  posttrematicus  IX  leave  the  ganglion  as  a  com- 
mon trunk;  in  Neeturus  the  r.  posttrematicus  arises  separately.  In 
both  species  the  r.  pharyngeus  sends  a  r.  pretrematicus  along  the  hyoid 
arch.  lii  Neeturus  the  r.  supratemporalis  X,  lateral  line,  leaves  the 
ganglion  along  with  the  motor  nerve  to  the  levator  muscle  of  the  first 
branchial  arch.  In  Spelerpes  the  latter  nerve  is  given  off  from  the 
r.  posttrematicus  IX.  In  both  species  the  r.  auricularis  X  is  distinct 
from  the  r.  supratemporalis  X,  with  no  such  anastomosing  as  occurs  in 
Amphiuma  and  Siren.  There  are,  however,  some  differences  in  the 
composition  of  the  main  divisions  of  the  nerve  in  the  two  forms,  the  r. 
auricularis  of  Spelerpes  having  apparently  almost  identical  arrange- 
ment with  that  of  Amblystoma.  The  r.  posttrematicus  IX  in  both  spe- 
cies sends  an  anastomosis  of  general  cutaneous  and  motor  fibers  to  the 
second  branchial  nerve.  Tn  both  Neeturus  and  Spelerpes  the  second 
branchial  nerve  (vagus  1)  is  well  developed  with  characteristic  pharyn- 
geal, pre-and  posttrematic  rami  having  the  usual  innervation.  Branches 
of  general  cutaneous  and  motor  composition  supply  the  levator  and 
depressor  muscles  of  the  first  and  second  gills  and  the  overlying  skin. 
In  each  the  branch  supplying  the  depressor  and  levator  muscles  of  the 
first  gill  receives  the  anastomosis  from  the  first  branchial  nerve  already 
mentioned.  The  third  branchial  nerve  (vagus  2)  has  undergone  much 
reduction.     In  Neeturus  it  arises  close  to  and  is  almost  a  part  of  fhe 
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second  branchial  nerve.  It  forms  a  small  pharyngeal-pretrematic  branch, 
a  posttrematic  branch  of  communis  fibers  only,  while  the  main  portion  of 
the  nerve  after  receiving  an  anastomosis  from  the  second  branchial  sup- 
plies the  levator  and  depressor  muscles  of  the  third  gill.  In  Spelerpes  the 
nerve  is  much  more  rudimentary.  It  arises  as  in  Necturus  close  to  the  sec- 
ond branchial  nerve,  but  it  is  so  small  that  its  exact  distribution  was  not 
determined.  The  levator  and  depressor  muscles  of  the  third  gill  are 
supplied  by  a  branch  of  the  second  branchial,  the  one  which  in  Nec- 
turus anastomoses  with  the  third  branchial.  The  three  branchial  nerves  in 
Necturus  are  seen  to  have  essentially  the  same  arrangement  and  ana- 
stomoses \  as  in  Amblj^stoma.  Spelerpes  differs  only  to  the  extent  that 
the  third  branchial  nerve  has  undergone  a  greater  reduction.  The  rami 
laterales  X  and  the  ramus  intestino-accessorius  X  have  the  character- 
istic arrangement  and  branching  as  seen  in  urodeles  in  general. 

In  respect  to  the  formation  of  the  hypoglossal  nerve  Necturus  and 
Spelerpes  show  important  differences.  In  Necturus  the  two  anterior 
spinal  nerves  are  devoid  of  ganglia  and  the  hypoglossal  nerve  is  formed 
by  the  fusion  of  ventral  branches  of  these  two  spinal  nerves,  with  ap- 
parently a  contributory  twig  from  the  third  spinal  nerve.  In  Spelerpes 
the  second  spinal  nerve  possesses  a  ganglion,  and  the  hypoglossal  nerve 
is  formed  chiefly,  if  not  entirely,  from  the  first  spinal  nerve. 

On  considering  the  cranial  nerves  of  Necturus  in  their  entirety,  and 
comparing  them  with  the  corresponding  structures  in  other  Urodela 
that  have  been  studied,  we  see  that  their  characteristics  are  not  prim- 
itive but  of  a  rather  highly  specialized  order.  Both  as  larva  and  adult 
Necturus  resembles  in  its  nerve  arrangement  the  larval  stages  of  Ambly- 
stoma  and  particularly  of  Spelerpes,  rather  than  the  more  generalized 
and  we  may  say  more  primitive  type  found  in  the  perennibranch  Siren 
and  the  derotreme  Amphiuma.  In  some  respects  the  Plethodont  type 
of  the  Salamandrids  is  the  least  primitive.  Only  three  branchial  arches 
develop  in  the  larval  stage.  Necturus  in  possessing  but  three  branchial 
arches  shows  a  very  distinct  resemblance  to  the  Plethodont  form. 

There  are  some  strong  objections  to  considering  Necturus  as  a  larval 
Plethodont.  Necturus  lacks  a  Jacobson's  organ;  its  r.  alveolaris  VII 
does  not  enter  a  canal  in  the  lower  jaw ;  its  r.  jugularis  VII  passes  out 
dorsal  rather  than  ventral  to  the  squamoso-columellar  ligament;  its  sec- 
ond spinal  nerve  possesses  no  ganglion.  Then,  too,  the  presence  of  lungs 
is  another  objection  of  great  weight. 

But  whatever  may  be  the  true  relationship  of  Necturus  a  study  of  its 
cranial  nerves  does  not  lead  one  to  consider  it  a  primitive  urodele.  The 
characters  of  its  cranial  nerves  are  those  that  are  characteristic,  with  a 
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few  exceptions,  of  the  cranial  nerves  of  the  larvae  of  plethoddnt  forms. 
In  the  words  of  Kingsbury:  "The  acceptance  of  Necturus  as  a  per- 
manent larva  best  explains  at  present  these  features." 
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NOTES  ON  METHODS  FOR  THE  STUDY  OF  AMPIIIBTAN 
EGGS  AND  LARVAE.^ 


BY    ALBERT    KUNTZ. 

In  the  prepration  of  amphibian  eggs  and  larvae  for  histological  study, 
the  technique  employed  is  a  factor  of  primary  importance.  The  am- 
phibian egg  represents  the  final  attempt  on  the  part  of  nature  to  pro- 
duce a  large  yolk-laden  egg  in  which  cleavage  involves  the  entire  ovum. 
As  a  result  of  this  method  of  cleavage  all  the  embroynic  tissues,  during 
the  early  stages  of  development,  contain  more  or  less  yolk.  Further- 
more, the  ventral  region  of  the  young  embryo  contains  a  large,  com- 
pact yolk-mass  which  is  not  readily  penetrated  by  the  fixing  and  the 
clearing  agent,  and  the  embryonic  tissues  show  a  greater  tendency  to 
shrink  than  do  the  tissues  of  other  vertebrate  embryos. 

In  the  preparation  of  this  material  it  is  essential  to  select  a  fixing 
agent  which  will  penetrate  the  yolk  readily,  but  which  will  not  cause 
the  tissues  to  shrink.  In  the  process  of  dehydration,  high  per  cent 
alcohols  must  not  be  employed  longer  than  is  absolutely  necessary.  A 
clearing  agent  must  be  selected  which  will  clear  the  yolk,  but  which 
will  not  render  the  tissues  unduly  brittle.  In  the  process  of  imbed- 
ding, thorough  impregnation  must  be  secured  without  subjecting  the 
tissues  for  too  long  a  time  to  high  temperature. 

In  the  course  of  an  investigation  of  the  development  of  the  sympa- 
thetic nervous  system  in  the  Ambhibia,^  the  writer  has  had  the  oppor- 
tunity to  compare  the  results  obtained  from  various  methods  of  tech- 
nique. Ambhibian  eggs  and  embryos  fixed  and  deh|ydrated  in  the 
usual  manner  show  a  great  tendency  to  shrink.  As  a  clearing  agent, 
xylol  is  unsatisfactory  because  it  does  not  clear  the  yolk  readily  and 
renders  the  tissues  unduly  brittle.  The  method  which  was  found  to 
yield  the  most  satisfactory  prei)arations  of  amphibian  embryos  for 
general  microscopic  study  is  a  modification  of  the  method  described 


^From  the  Laboratories  of  Animal  Biology  of  the  State  University  of  Iowa. 
''The  development  of  the  sympathetic  nervous  system  in  the  Amphibia.     Jour. 
Comp.  Neur.,  vol  21,  no.  4.  pp.  397-416. 
10 
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by  Carno}^  and  Lebrun."''  This  method  will,  be  described  somewhat  in 
detail. 

Ova  and  embryos  which  are  still  enclosed  in  their  albumenous  enve- 
lopes are  fixed  in  Gilson's  mercuro-nitric  fluid*  1.5  hrs.  or  longer.  The 
albumen  is  now  sufficiently  hardened  that  it  can  be  incised  to  permit 
the  egg  or  embryo  to  be  squeezed  out  by  gently  applying  pressure  at 
the  opposite  pole.  This  operation  must  be  made  with  care,  as  any 
distortion  of  the  egg  or  embryo  after  fixation  may  •separate  or  break 
the  germ-layers ;  consequently,  perfect  sections  cannot  be  obtained. 
Embryos  which  are  free  from  their  albumenous  envelopes  are  fixed  in 
Gilson's  fluid  45  min.  to  1  hr.  If  large  enough  to  swim  freely,  they 
may  to  advantage  be  placed  in  water  to  which  a  few  drops  of  chloro- 
form have  been  added  until  they  become  quiescent,  before  being  placed 
in  the  fixing  fluid.  This  treatment  prevents  tearing  of  the  delicate 
tissues  along  the  neural  tube  and  the  notochord  by  muscular  exertion 
after  they  have  been  partly  penetrated  by  the  fixing  agent. 

After  fixation  the  embryos  are  washed  thoroughly  in  water  and  de- 
hydrated in  the  usual  manner,  care  being  taken  not  to  leave  them  in 
95%  alcohol  longer  than  15  min.  or  in  absolute  alcohol  longer  than  5 
or  10  min.  From  absolute  alcohol  they  are  brought  into  a  mixture  of 
absolute  alcohol  and  chloroform  in  equal  parts.  After  the  embryos 
sink  in  this  mixture  they  are  brought  into  pure  chloroform  for  an  hour 
or  longer.  Paraffin  is  now  added  to  about  double  the  volume  and  the 
whole  is  placed  in  a  thermostat  at  about  35°  C.  for  3  hrs.  The  embryos 
are  now  placed  in  pure  paraffin  in  the  paraffin  bath  for  15  to  30  min. 
After  imbedding  sections  may  be  cut  to  any  desired  thickness  and 
stained  by  any  of  the  common  methods. 

Amphibian  eggs  or  embryos  successfully  carried  through  the  pro- 
cesses above  outlined  afford  preparations  which  stain  well  and  show 
no  evidence  of  shrinking. 


='Lee.     Microtomist's  Vade-Mecum  (sixth  edition),  p.  331. 

'Gilsos's  fluid:     Nitric  acid,  15  c.  c;  Glacial  acetic  acid,  4  c.  c;  Corrosive  su- 
blimate, 20  grs.;  60%  alcohol,  100  c.  c;  Distilled  water,  880  c.  c. 


THE  DEVELOPMENT  OF  LYMPH  CHANNELS  IN  TURTLES  BY 
THE  FUSION  OF  MESENCHYMAL  SPACES. 


BY  FEANK  A.   STROMSTEN. 

1.  The  theory  that  the  lymphatic  system  is  budded  off  from  the  ven- 
ous system  is  a  direct  product  of  a  special  method  of  investigation,  i.  e., 
the  injection  method. 

2.  The  injection  method  alone  is  entirely  unreliable,  because:  (a) 
Only  that  portion  of  the  lymphatic  system  which  is  in  direct  connection 
with  the  point  of  injection  (lymph  sacs)  is  shown,  the  unconnected 
spaces  are  not  indicated,  (b)  Extravasations  and  venous  injections 
vitiate  the  results. 

3.  Serial  sections,  both  injected  and  uninjected,  of  turtle  embryos 
of  different  ages  show  the  successive  stages  of  the  development  of 
lymphatics  from  the  spongy  mesenchyme  surrounding  the  aorta  and 
larger  arteries,  through  the  formation  of  independent  spaces  which 
constantly  enlarge  and  finally  fuse  to  form  continuous  channels. 

4.  The  endothelium  of  the  lymphatics  arises  entirely  independent 
of  the  venous  endothelium  from  the  original  mesenchymal  cells. 


NOTES  ON  SOME  IOWA  REPTILES. 


BY  M.  P.   SOMES. 

The  reptiles,  while  scarce  in  number  of  individuals  and  relatively 
scarce  in  number  of  species  in  the  Iowa  fauna,  still  constitute  a  group 
of  considerable  importance  from  an  economic  standpoint  as  well  as 
zoologically.  The  group  is  very  generally  neglected,  this  possibly  in 
part  because  of  the  almost  universal  prejudice  and  in  part  because  of 
the  somewhat  scattered  and  technical  nature  of  the  literature.  But 
little  has  appeared  concerning  the  Reptilia  of  Iowa  since  the  Osborn 
Catalogue  of  the  Animals  of  Iowa  and  since,  from  a  study  of  the  ma- 
terial in  the  museum  of  Iowa  University  and  from  notes  and  studies 
made  in  the  field  in  many  parts  of  Iowa  during  the  past  six  years,  cer- 
tain additional  species  have  been  noted,  it  has  seemed  desirable  to  pre- 
sent at  this  time  a  tentative  list  of  the  reptiles  to  be  found  in  this 
state.  Certain  species  are  marked  with  a  star  to  indicate  that  the 
record  is  more  or  less  uncertain  and  information  concerning  these  or  any 
other  members  of  this  group  will  be  very  gratefully  received  by  the 
writer. 

IOWA  REPTILIA. 

Ophidia — 

Coluhridae: 

Carphophiops  amoenus   (Say) 
Storeria  occipitomaeulatus   (Storer) 
Storeria  dekayii  (Holbr.) 
Tropidoclonium  lineatuni    (Hallowl.) 
Eutaenia  proxima  (Say) 
Eutaenia  radix  (B.  &  G.) 
Eutaenia  saurita   (L) 
Eutaenia  sirtalis  (L) 

var.  dorsalis 

var.  parietalis 
Tropidonotus  leberis    (L) 
Tropidonotus  rigida  (Say) 
Tropidonotus  gratiami   (B.  &  G.) 
Tropidonotus  sipedon  (L) 
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Tropidonotus  erythrogaster  (Shaw) 
Tropidonotus  fasciatus   (L) 
**Tropidonotus  rhombifer    (Hallowl) 
Coluber  guttatus  (L) 
Coluber  Vulpinus  (B.  &  G.) 
Liopeltis  vernalis    (DeKay) 
Zamenis  constrictor  (L) 

var.  flaviventris  (Say) 
Pituophis  sayi  (Schleg.) 
Opliibolus  gettulus  (L) 

var.  sayi   (Hol'br.) 
Ophibolus  calligaster   (Say) 
Ophibolus  doliatus  (L) 

var.  triangulus   (Daud.) 
Diadophis  puuctatus  (B.  &  G.) 
Heterodon  platyrhinos  (Latr.) 

Crotalidae: 

Agkistrodon  contortrix  (L) 
**Agkistrodon  piscivorus   (Lacep.) 

Sistrurus  catenatus  (Raf.) 

Crotalus  borridus    (L) 
**Crotalus  confiuentus    (Say) 

Lacertilia — 
Scincidae: 

Eumeces  fasciatus  (L) 
Eumeces  septentrionalis  (Baird) 

Anguidae: 

Ophiosaurus  veutralis   (L) 
Iguanidae: 

Scelophorus  undulatus  (Daud.) 
**Phrynosoma  cornutum  (Harl.) 

Testudi>^ata — 
Trionycliidae: 

Amyda  mutica  (Lesueur) 
Aspidonectes  spinifer   (Lesueur) 
CJielydridae: 

Chelydra  serpentina  (L) 
Macrochelys  lacertina 
Cinostemidae: 

**Armocbelys  odoratus   (Latr.) 
**Cinosternum  pennsylvanicum    (Bosc.) 
Emydidae: 

Malacoclemmys  geographicus  (Lesueur) 
Malacoclemmys  leseurii   (Gray) 
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**Chrysemys  picta  (Hern) 

Clirysemys  marginata  (Agassiz) 

Chrj^semys  belli   (Gray) 

Cistudo  ornata  (Agassiz) 
**Cistudo  Carolina  (L) 

With  the  hope  that  it  may  aid  somewhat  in  the  recognition  of  these 
interesting  animals,  the  following  keys  are  offered  for  two  of  the  most 
readily  recognized  groups  of  this  order.  These  keys  have  been  adapted 
from  the  works  of  Cope,  Jordan,  and  others  and  are  simply  intended 
to  include  the  Iowa  forms.  The  characters  used  in  separation  of  species 
have  been  chosen  with  the  aim  of  making  the  keys  of  some  use  to  the 
student  of  little  technical  training  rather  than  the  specialist  who  will 
have  access  to  monographs  covering  the  details  of  structures  and  treat- 
ing in  full  of  the  hemipenial  and  osteological  characters. 

The  "Garter  Snakes"  (Eutaenia  B.  &  G.) 

The  genus  Eutaenia  B.  &  G.  includes  a  number  of  rather  small  and 
conspicuously  banded  snakes,  which  from  their  type  of  coloration,  are 
commonly  called  the  "Garter  Snakes"  or  the  "Ribbon  Snakes."  The 
genus  includes  our  most  common  snakes  and  from  the  fact  that  the 
species  readily  accomodate  themselves  to  widely  varying  conditions  of 
habitat,  some  of  them  are  to  be  found  at  any  locality  in  the  state.  The 
species  are  all  valuable  from  an  economic  point  of  view  and  since  all 
are  harmless  they  should  be  protected.  One  of  the  most  absurd  sights 
I  ever  witnessed  was  in  the  park  of  a  small  city,  where  three  men  and 
five  small  boys  succeeded  in  killing  a  small  "Garter  Snake"  while 
several  women  stood  around  interestedly  admiring  the  heros.  In 
using  the  following  key,  it  should  be  noted  that  most  of  the  species  have 
both  light  and  dark  forms  and  frequently  intermediate  forms  appear 
which  makes  the  coloration  a  rather  varying  and  uncertain  character 
for  recognition  of  a  species. 

EUTAENIA  B.  &  G. 

Lateral  stripe  on  third  and  fourth  row  of  scales;  scales  in  19  rows. 
Scales  little  or  not  at  all  spotted. 

Tail  long  (over  one-third  of  total  length);  slender  species. 

Chocolate  brown  with  three  bright  yellow  stripes;  ventral  plates 
150  to  160. 

Sattrita  B.  &  G. 

Tail  shorter   (from  .25  to  .3  of  total  length);   relatively  stout  species. 
Blackish,  with  dorsal  stripe  brownish  yellow  and  lateral  stripes 
greenish.    V.  P.  165-170. 

Proxima  B.  &  G. 
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Scales  above  and  below  lateral  band  with  quadrate  black  spots. 

Greenish  or  blackish,  with  three  narrow  yellow  stripes;  six 
series  of  black  spots;  scales  very  rough,  the  outer  row 
broad. 

Radix  B.  &  G. 

Lateral  stripe  on  second  and  third  row  of  scales;  scales  in  19  rows. 
Superior  labials  8;    dorsal  band  yellow  margined  with  black. 

SiRTALIS    (L) 

var.  dorsalis  (B.  &  G.) 
Superior  labials  7. 

Two  series  of  spots  between  vertebral  and  lateral  bands. 

SiRTALIS    (L) 

Spots  large:    those  of  superior  row  united  forming  a  broad  black 
band. 
Stripes    dull   greenish    and    space   between    lateral   spots    often 
more  or  less  vivid  brick  red. 

SiRTALIS    (L) 

var.  parietaUs  (Say). 

Spots  obscure;  space  between  bands  uniform  brownish. 

Almost  uniform  brownish;  the  spots  very  obscure  but  the  bands 
more  or  less  distinct 

SiRTALIS    (L) 

var.  ohscurus  (Cope). 
TURTLES  (testudixata). 

The  reptiles  of  this  group  form  so  homogeneous  a  group  as  to  be  readily  recog- 
nized by  all. 

Carapace  leathery  and  with  flexible  margins. 

Trioxychidae. 

Carapace  firm  and  ossified. 

Toes  spreading — not  closely  bound  together. 

Tail  very  long  and  strong;   crested;  plastron  narrow. 

Chelydridae. 

Tail  short  and  not  crested;   plastron  broad. 

Lower  jaw  ending  in  a  long  sharp  point;  plastron  with  9  or  11 
plates. 

Cixosterxidae. 

Lower  jaw  without  such  pointed  tip;  plastron  with  12  plates. 

Emydidae. 

TRIONYCHIDAE. 

Nostrils  rather  under  the  tip  of  snout;  head  narrow. 

Amyda  Agassiz. 
(Amyda  mutica  Lesueur.) 

Nostrils  terminal;  head  broad. 

Aspidonectes,    Wagler. 
(Aspidonectes  spinifer  Lesueur.) 
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CHELYDRIDAE. 

Under  surface  of  tail  with  large  shields. 

Cheilydra,    ScJiweig. 

Three  moderately  high  keels  on  carapace. 

(Chelydra  serpentina  L.) 

Under  surface  of  tail  with  scales. 

MACROCHEiLYS. 

Three  very  high  keels  on  the  carapace;  turtles  of  large  size. 

(Macrochelys  lacertina.) 

CINOSTERNIDAE. 

Plastron  very  narrow,  not  protecting  the  fleshy  parts. 

Armochelys. 

Two  distinct  yellow  lateral  stripes  on  head. 

(Armochelys  odoratus  Latr.) 

Plastron  wider,  protecting  the  fleshy  parts  when  lobes  are  closed. 

CiNOSTERNUM. 

Plastron  moderate;  head  spotted;  carapace  speckled. 

(Cinosternum  pennsylvanicum  Bosc.) 

EMYDIDAE. 

Plastron  without  hinge;  immovably  fixed  to  carapace. 

Alveolar  surface  of  jaws  broad;  carapace  more  or  less  distinctly  keeled. 

Malacoclemys,    (gray). 

Alveolar  surface  of  jaws  narrow;  carapace  never  keeled. 

ChRYSEM YS.      (  GRAY^ )  . 

Plastron  with  a  transverse  hinge;  toes  scarcely  welsbed.. , 

ClSTUDO. 

MALACOCLEMYS    (gray). 

Keel  moderately  developed;   not  rising  in  form  of  tubercles;   a  network  of  fine 
yellow  lines  on  carapace. 

M.  geographicus  Lesueur 

Keel  rising  in  form  of  tubercles  in  a  high  serrate  series;   no  such  fine  yellow 
lines  on  carapace. 

M.  lesueurii  (Gray). 

CHEYSEMYS  (Gray). 

Carapace  perfectly  smooth,  not  keeled;  not  serrate  at  hind  margin;  bright  red 
markings  on  marginal  shields,  especially  below. 
Plastron  immaculate,  yellow. 

C.  picta  Hern. 
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Plastron  yellow  with  a  long,  more  or  less  symmetrical  blackish  patch  at 
center.     . 
Shields  with  narrow  yellow  margins. 

G.  marginata  Agassiz. 

Shields  traversed  by  vein-like  yellow  lines. 

C.  belli  Gray. 

CISTUDO. 

Carapace  not  keeled;  marked  with  grouped  yellow  dashes. 

C.  ornata  Agassiz. 

Carapace  keeled;  black  or  brown  with  variously  developed  spots. 

C.  Carolina  L. 


BUILDING  A  MUSEUM. 


BY  T.  VAN   IIYNING.* 

The  up-to-date  museum  is  the  highest  possibk'  type  of  an  educational 
institution;  it  supplies  the  text  accompanied  by  the  object.  (Object 
teaching.) 

All  museums  should  be,  in  a  manner,  provincial,  i.  e.,  organized  to 
cover  a  certain  territory  as  a  specialtj^  whether  this  territory  be  a 
single  state,  several  states,  the  United  States,  or  the  whole  world. 
In  this-  connection  it  should  be  remembered  that  almost  any  single 
state  will  produce  a  much  more  varied  and  larger  amount  of  museum 
material  than  is  commonly  supposed.  The  geology,  flora,  fauna,  pre- 
historic and  civil  history  of  a  state,  will,  in  many  instances,  nearly 
duplicate  its  border  states,  and  very  well  represent  the  United  States. 

The  mistake  is  often  made  by  the  museum  builder,  of  working  back- 
wards, by  constructing  a  fine,  large  and  expensive  building,  with  no 
apparent  forethought  as  to  the  specific  uses  to  which  it  is  to  be  ap- 
plied; consequently,  as  his  plans  begin  to  mature,  and  the  material 
accumulates,  he  discovers  that  his  rooms  are  not  properly  proportioned 
in  size  to  suit  the  various  departments.  The  architecture  may  be  in- 
convenient, the  ceilings  and  windows  too  low,  the  heating  apparatus 
in  the  way,  the  artificial  lighting  improper,  and  many  other  things 
wrong  that  might  have  been  prevented  by  forethought. 

In  building  a  museum  the  province  is  the  first  step  for  its  builder 
to  decide.  The  writer  has  for  some  time  been  giving  considerable 
thought  towards  a  plan  of  school  museums;  a  plan  whereby  every  com- 
mon school  in  the  country  might  have  a  museum,  if  it  be  no  more  than 
a  single  case  on  the  wall  filled  with  well-selected  specimens;  or  possi- 
bly a  scheme  of  traveling  museums,  something  after  the  traveling 
library  plan.  The  traveling  museum  plan  has  been  in  operation  to 
some  considerable  extent  in  some  cities,  the  idea  being  to  extend  sub- 
stantial encouragement  in  the  observation  of  objects  in  nature,  to 
young  minds,  many  of  whom  never  even  reach  a  high  school,  that  they 
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may  acquire  some  knowledge  of  objects  in  nature  so  near  and  so  com- 
mon to  them,  but  yet  of  which  they  never  learn  to  know  anything. 

It  is  such  knowledge,  acquired  by  the  young  brain,  that  tends  to- 
wards the  conservation  of  all  things  beautiful.  Rather  than  to  kill  a 
bird  or  rob  its  nest,  learn  to  encourage  them,  and  rather  than  pull  up 
wild  flowers  by  the  basketful  and  leave  them  to  perish,  cultivate  them 
and  observe  their  beauties  all  the  season. 

By  a  plan  of  co-operation  between  the  schools  of  a  state  and  a  cen- 
tral state  museum,  with  the  central  one  in  turn,  in  a  degree,  co-oper- 
ating with  other  states,  and  with  larger  museums,  there  can  be  brought 
about,  such  general  results  to  all  as  could  not  be  accomplished  by  in- 
dividual action. 

In  building  a  museum,  first  determine  the  province,  then  the  nature, 
whether  it  is  to  be  of  some  special  feature,  or  to  be  a  general  museum. 
This  done,  then  determine  the  amount  of  material  desired.  (Number 
of  species,  and  specimens  of  each  species.)  This  being  decided,  you 
are  ready  to  begin  plans  for  a  building.  The  province  and  nature  of 
your  museum  being  determined,  will  decide  the  classes  of  material  to 
be  collected.'  The  classes  of  material,  and  the  amount  of  it,  will  de- 
cide the  styles  and  numbers  of  cases  required  to  exhibit  it  to  the  best 
advantage.  The  number  of  styles  of  cases  of  any  division  will  deter- 
mine the  size  and  shape  of  a  room  to  accommodate  them, — its  archi- 
tecture,, light,  heat,  ventilation,  etc.  The  number  of  divisions  and 
rooms,  their  various  sizes,  forms  and  architecture  for  their  various 
purposes,  will  in  turn  determine  the  size,  shape,  and  general  archi- 
tecture of  a  completed  building  to  contain  the  whole. 

With  the  provincial  idea  in  mind,  we  will  now  take  our  state  of 
Iowa  as  an  example,  and  let  the  boundary  line  of  the  state  be  the  out- 
line of  our  province.  The  province  determined,  we  must  next  decide 
on  the  nature  of  our  museum,  and  the  classes  of  material  desired.  For 
conservation  and  general  educational  purposes,  a  State  Museum  (as 
it  now  would  be)  should  collect,  preserve  and  exhibit  material  suffi- 
cient to  illustrate  its  history,  both  natural  and  civil.  The  history  of 
a  state  then,  speaking  from  a  museum  standpoint,  is  composed  of  these 
two  great  divisions,  its  natural  history  and  its  civil  history,  each  of 
which  is  susceptible  of,  and  is  conveniently  divided  into  many  sub- 
ordinate divisions.  When  we  speak  of  divisions,  we  do  not  infer  that 
there  be  straight  and  rigid  lines  of  demarcation,  for  there  are  not;  all 
objects  of  history,  both  natural  and  civil,  when  considered  as  a  whole, 
are  very  closely  united.  But  for  the  convenience  of  study,  and  the 
division  of  labor  and  responsibility  among  its  curators,  divisions  and 


IOWA  ACADEMY  OF  SCIENCE  157 

classifications  have  been  made,  under  one  or  the  other  of  which  objects 
conveniently  fall. 

The  first  and  greatest  of  these  divisions  is  a  state's  natural  history, 
which  is  first  divided  into  the  three  great  groups  known  as  the  mineral, 
vegetable  and  animal  kingdoms,  each  of  which  is  again  many  times 
subdivided.  Civil  history  is  co-ordinate  with  ethnology,  and  subordi- 
nate to  natural  history,  because  upon  the  former  the  latter  depends 
for  its  existence. 

We  have  determined  that  within  our  province  herein  outlined  we 
liavf  the  following  approximate  figures  with  which  to  deal : 

NATURAL  HISTORY. 

MINERAL   KINGDOM. 

Hall  of  Geology — Stratified  rocks;  building  and  other  commercial  stones; 
minerals;  clays;  sands  and  soils.  These  will  require  six  cases  affording  300 
square  feet  of  exhibition  surface,  in  a  room  of  900  square  feet. 

Hall  of  Palaeontology— Fossil  remains  of  the  vegetagle  and  animal  kingdom; 
700  species,  4,200  specimens,  requiring  sixteen  cases  of  800  square  feet,  and  a 
room  of  2,400  square  feet. 

VEGKTABLE    KIXGOOM. 

Hall  of  Botany — Fungi;  poisonous  and  medicinal  plants:  commercial  woods 
and  a  complete  flora,  3,000  species,  requiring  thirty-two  cases  of  ninety-six  draw- 
ers each,  using  a  floor  space  of  1,600  square  feet  in  a  room  of  4,800  square  feet. 

ANIJIAL   KINGDOM. 

Hall  of  Invertehrates — Mollusca;  butterflies;  moths;  beetles,  etc.,  900  species, 
requiring  two  table  cases,  and  six  case  of  drawers  of  400  square  feet,  occupying 
a  room  of  1,200  square  feet. 

Lover  Vertebrates — Reptiles  and  batrachians;  fishes,  etc.,  108  species,  re- 
quiring nine  table  cases  of  450  square  feet,  in  a  room  of  1.350  square  feet. 

Arcs.  Hall  of  Birds — 354  species,  requiring  thirty-six  cases  of  1,900  square 
feet,  in  a  room  of  5,700  square  feet. 

Mammal  Hall — 78  species,  requiring  twenty  cases  of  1,000  square  feet,  in  a 
room  of  3,000  square  feet. 

NATURAL   RESOI-RCES. 

Hall  of  Resources — Mineral,  vegetable,  and  animal  resources,  and  the  manu- 
factured products  therefrom,  requires  thirteen  cases  of  700  square  feet,  in  a 
room  of  2,100  square  feet. 

CIVIL  HISTORY. 

ETHNOLOGY. 

Hall  of  Archaeology — Prehistoric  tribes.  In  this  we  have  about  15,000  speci- 
mens, requiring  thirty  table  cases  of  1,500  square  feet,  and  a  room  of  4,500 
square  feet.  Recent  aboriginal  tribes  will  require  eight  cases  of  400  square 
feet  in  an  annex  of  1,200  square  feet. 
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Pioneer  Hall — Historical  relics.  These  will  require  ten  cases  of  500  square 
feet,  and  a  room  of  3,000  square  feet. 

Hall  of  History — Books;  manuscripts:  pictures;  statuary,  etc.,  will  require 
800  square  feet. 

War  Hall — Material  illustrating  the  part  taken  by  Iowa  citizens  in  the 
world's  wars;  will  require  ten  case  of  500  square  feet,  and  a  room  of  3,000 
square  feet. 

RECAPITULATION. 


Subject 

Geology    

Palaeontology 

Botany    

Invertebrates    • 

Lower  Vertebrates   

Birds    

Mammals    

Natural  Resources   

Archaeology    

Recent    tribes    

Pioneers    

History    

War 

Total    206 


Number 

Square  feet 

Square  feet 

of  cases 

m  cases 

in  floor 

6 

300 

900 

16 

800 

2,400 

32 

1,600 
400 

4,500 

8 

1,200 

9 

400 

1,300 

36 

1,900 

5,200 

20 

1,000 

2,500 

13 

700 

2,000 

30 

1,500 

4,500 

8 

400 

1,200 

10 

500 

3,000 

8 

800 

1,000    . 

10 

500 

3,000 

10,800 


32,700 


We  now  have  a  total  of  thirteen  halls  containing-  206  exhibition 
cases  of  10,800  square  feet,  on  a  floor  space  of  practically  40,000  square 
feet.  This  may  now  be  conveniently,  and  very  appropriately,  divided 
into  two  equal  floors,  or  a  building  of  two  stories,  100  by  200  feet, 
giving  20,000  square  feet  to  each  floor.  Our  natural  history  requires 
just  20,000  square  feet,  and  should  be  all  on  one  floor.  The  civil 
history  requires  12,700  square  feet  of  the  other  floor,  which  leaves 
7,300  square  feet  for  laboratories,  administration  offices,  storage, 
library,  lecture  room,  etc.,  etc. 

While  part  of  the  figures  given  are  correct,  others  are  approximate, 
and  illustrative,  yet  they  would  need  to  be  changed  but  slightly  in 
proceeding  with  details  for  a  building. 

It  is  in  bringing  together  the  material  for  the  exhibits  where  the 
co-operative  method  with  the  schools  and  individuals  of  the  state  would 
begin.  They  could  assist  in  collecting  desirable  objects  in  their  vicini- 
ties, locate  and  report  historic  places,  Indian  village  sites,  prehistoric 
mounds,  etc.,  etc.,  and,  ultimately,  develop  the  work  into  a  complete 
natural  history  and  ethnological  survey  of  the  state.     Material  thus 
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sent  in  would  be  identified  and  prepared,  and  duplicates  distributed 
to  tlie  schools,  whereby  each  would  in  a  short  time  become  the  pos- 
sessor of  a  small  museum  representative  of  the  state,  and  thus  afford 
and  encourage  conservation  in  nature  in  the  young  minds  while  they 
are  eager  to  grasp  it.  Then,  as  they  advance  to  the  high  school  or 
college,  they  will  have  acquired  a  training  preparing  the  way  for 
further  and  higher  study  along  the  same  lines,  and  where  they  will 
then  find  more  advanced  and  larger  museums. 

A  general  harmony  of  the  citizens  of  the  state  would  also  be  brought 
about,  and  they  would  feel  that  they  had  a  personal  interest  in  the 
schools,  as  they  would  probably  have  contributed  something  to  each, 
and  all  would  feel  proud  that  they  had  helped  to  build  the  central 
state  museum.  Above  all,  thousands  of  valuable  objects  of  historic 
interest  and  scientific  value  would  be  preserved  and  placed  where  they 
would  become  an  everlasting  benefit,  instead  of  being  "scattered  to  the 
four  winds,"  or  going  to  destruction  entirely.  The  writer's  attention 
is  called  almost  daily  to  some  article  of  historic  or  scientific  value,  that 
some  fellow  used  to  have,  but  he  doesn't  know  where  it  is  now.  "I 
would  have  given  it  to  you,  if  I  had  known  you  wanted  it,"  is  the 
reply  generally  made  by  them  when  asked  what  they  did  with  it. 

The  State  Historical  Building  is  a  magnificent  specimen  of  archi- 
tecture, and  in  this  respect  is  a  credit  to  Iowa,  but  its  designer  seems 
to  have  regarded  its  use  as  a  museum  as  quite  secondary,  and  in  this 
we  have  a  remarkable  illustration  of  shortsightedness.  However,  this 
is  but  one  instance  out  of  many,  and  we  are  gladly  accepting  the  situa- 
tion, and  are  trusting  to  future  developments.  "We  have  been  "hang- 
ing on  and  hammering  away"  under  innumerable  difficulties,  awaiting 
the  'ime  when  the  museum  will  be  more  than  a  secondary  considera- 
tion, for  in  the  eyes  of  the  common  people  of  Iowa,  the  citizens  of  the 
state,  the  people  to  whom  the  institution  belongs,  the  museum  is  every- 
thing, but  it  has  only  just  begun.     Will  you  help  finish  it? 
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